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PREPARATION OF THIS DOCUMENT 


This document is the collective presentation of the findings of the Working Party 
on Pollution and Fisheries, established in 1985 by the Committee for Inland Fisheries of 
Africa. The Working Party met in 1986 in Accra, Ghana, in 1989 in Nairobi, Kenya, in 
1991 and 1993 in Accra, Ghana. Their Reports have been published as FAO Fisheries 
Reports No. 369, 437, 471 and 502. 


DEFINITION OF MARINE POLLUTION 

Pollution means the introduction by man, directly or indirectly, of substances or 
energy into the marine environment (including estuaries) resulting in such 
deleterious effects as harm to living resources, hazards to human health, 
hindrance to marine activities including fishing, impairment of quality for use of 
sea water and reduction of amenities. 

IMO/FAO/Unesco-IOC/WMO/WHO/IAEA/UN/UNEP Joint Group of Experts on the 
Scientific Aspects of Marine Environmental Protection (GESAMP) 


Cover photo: Small water body, Mbalmayo, Cameroon. Photograph by H. Naeve, FAO. 
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ABSTRACT 

This document summarizes the findings of the CIFA Working 
Party on Pollution and Fisheries. It gives advice on strategies for 
aquatic pollution control, including the establishment of environ- 
mental quality standards, emphasizing the use of risk assessment 
methodologies for arriving at site-specific environmental protec- 
tion measures. The document further reviews the state of the 
African aquatic environment in respect of pollution by organic 
loads, by heavy metals and by organochlorine substances. It 
concludes that contamination of African inland waters, with the 
exception of some hot-spot areas, is still relatively low. Pollution 
by organic matter, causing eutrophication and anoxia, however, 
is identified as a major threat to fisheries. Although contami- 
nation with metals and organochlorines is still low, with the 
expected increases in urbanization and socio-economic activities, 
it is imperative to identify the sources and quantify the dis- 
charges of such material into the aquatic environment. The 
occurrence of synthetic micropollutants like organochlorine sub- 
stances in different compartments of the aquatic environment, 
even at trace and ultra-trace levels, is of ecological and environ- 
mental health concern. Pollution control strategies should be 
formulated in all countries, covering legislation, environmental 
standards and criteria, waste minimization, effluent treatment, 
pollution monitoring, training, education and public awareness 
campaigns. 
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TOWARDS MANAGEMENT OF THE AQUATIC ENVIRONMENT 


by 

D. Calamari and H. Naeve 


1. EARLY STUDIES IN AFRICA 

Based on a recommendation of the 20th Congress of the International Association 
of Limnology (SIL) held in Copenhagen, a SIL-UNER Workshop on African inland waters 
was held in 1979 in Nairobi, the proceedings were published as "The Ecology and 
Utilization of African Inland Waters” (Symoens et aL, 1981). 

The Workshop revealed that, compared to other areas of the world, information on 
African aquatic ecosystems were scarce and dispersed and certainly insufficient to produce 
acceptable bases for the management of aquatic resources, and concluded that: 

there is an urgent need to ensure a proper scientific basis for the planning, decision- 
making and management of Africa's aquatic resources; 

there is a real need to increase the number of African scientists trained in aquatic 
sciences, especially limnology, and to employ them in the utilization of the African 
water resources. 

In 1 970 FAO undertook a brief survey of inland water pollution in Kenya, Tanzania, 
Uganda and Zambia (Thorslund, 1971), concluding that, although water pollution was not 
then a serious problem in relation to freshwater fisheries, it could become so in the future 
as a result of increasing urbanization and industrialization. 

After a decade other surveys were carried on in three more East African countries, 
i.e. Burundi, Malawi and the Sudan, and repeated in Kenya, Tanzania and Zambia, and in 
five West- and Central African countries, i.e. Mali, C6te d'Ivoire, Ghana, Nigeria and 
Cameroon (Alabaster, 1981; Calamari, 1985) under the following terms of reference: 

to identify existing and assess potential future sources of pollution affecting 
fisheries in the countries listed; 

to examine local capacity for dealing with fisheries aspects of water pollution; and 

to suggest appropriate infrastructure and establish baselines for future studies and 
monitoring programmes in the countries. 

The results were reported to the Committee for Inland Fisheries of Africa (CIFA), 
concluding that an increase of pollution loads in aquatic ecosystems was observed as well 
as a decrease in water quality although not to the extent of a general acute problem in all 
the countries. The studies did show the need for cooperation at a regional level aiming at 
scientifically sound water pollution control measures and at the maintenance of a water 
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quality adequate to protect aquatic life and fisheries, identifying metals, organic pollutants 
with high biological oxygen demand and pesticides as major potential problems. 

In 1985 CIFA decided to establish a Working Party on Pollution and Fisheries. 


2, EXPERIENCES FROM THE EUROPEAN INLAND FISHERIES ADVISORY 
COMMISSION (EIFACI 

At the second Session of EIFAC (Paris, 1 962), note was taken of a recommendation 
of the UN Conference on Water Pollution Problems in Europe (1961) that EIFAC should 
take the initiative in drawing up water quality requirements with respect to fisheries. 
EIFAC agreed that: 

"the proper management of a river system demands that water of suitable quality 
be provided for each use that is made or intended to be made of it and that the 
attainment and maintenance of such quality is normally to be sought through the 
control of pollution. It was necessary, therefore, to know the standards of quality 
required for each particular use, in order to determine the degree of pollution control 
necessary and to forecast the probable effect of augmented or new discharges of 
effluents. It was pointed out that water quality standards for drinking water had 
been well defined by the Word Health Organization (WHO) and that standards for 
certain agricultural and industrial uses are also well defined. However, water 
quality criteria for fish have not received the attention that they deserve. All too 
often, water has been considered quite adequate for fish as long as there has been 
no obvious mortality which can be ascribed to known pollutants. Degradation of 
the aquatic habitat through pollution and decrease in the annual production and 
subsequent harvest of fish have often passed unnoted. With such reasoning in 
mind, it was agreed that the establishment of water quality criteria for European 
freshwater fish be undertaken by the Commission". 

In this context, a "criterion" describes a water quality, defined by means of a 
critical review of scientific information, which will conserve the relevant structures and 
functions in the aquatic ecosystem. Unlike a standard, it does not carry a connotation, nor 
does it imply an ideal water quality. Water quality criteria should, therefore, be based 
exclusively on scientifically derived evidence and not be defined in an arbitrary manner. 
The assumption is made that for each substance reviewed a satisfactory data base exists 
from which a water quality criterion can be obtained. 

The Working Party on Water Quality Criteria for European Freshwater Fish, 
established in 1 962 as a result of the deliberations cited above, agreed at the outset that: 

"Water quality criteria for freshwater fish should ideally permit all stages in the life 
cycle to be successfully completed and, in addition, should not produce conditions 
in a river water which would either taint the flesh of the fish or cause them to avoid 
a stretch of river where they would otherwise be present, or give rise to 
accumulation of deleterious substance in fish to such a degree that they are 
potentially harmful when consumed. Indirect factors like those affecting fish-food 
organisms must also be considered, should they prove to be important". 
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The emphasis of the Working Party has always been on the preparation of critical 
reviews of the literature, rather than compilations of published data, by experts with 
proven ecotoxicological experience with specific chemicals or other aspects of water 
quality. Draft reports were circulated to outside reviewers and ultimately discussed and 
approved by the Working Party (Lloyd and Calamari, 1987). 

Generally the reports cover the following aspects: 

(1) Source, form and analytical method for the substance and its occurrence in water 
and sediments. 

(2) Lethal effects on fish, including (a) mode of toxic action; (b) acute and chronic 
exposures; and (c) factors affecting toxicity, e.g. age and size of fish, water 
hardness, temperature, dissolved oxygen and other pollutants. 

(3) Sublethal effects on fish, including bioaccumulation. 

(4) Field observations from surveys of polluted rivers and accidental fish-kills. 

(5) Effects on invertebrates (similar to (2) above) and aquatic plants. 

(6) Overview of published data, including scope for further research. 

(7) Proposal of tentative water quality criteria taking into account the influence of 
specifically important modifying factors, e.g. species of fish, pH, water hardness, 
etc. 

During the past years, the Working Party has prepared reviews on temperature, 
dissolved oxygen, pH, finely divided solids, ammonia, monohydric phenols, chlorine, zinc, 
copper, cadmium, chromium, nickel, nitrite and aluminium. 

It was, however, recognized that the common pollutants rarely occurred singly, and 
it was possible that the water quality criteria for individual substances would need to be 
made more stringent to allow for the added impact of other toxicants. Therefore, a critical 
review was made of the various models developed to describe joint action of toxicants, 
and all the available literature on the toxicity of mixtures to fish, invertebrates and plants 
was reviewed using a concentration/addition model. The conclusion finally reached is that, 
for the common pollutants reviewed by EIFAC, there may be some evidence for partial 
joint addition at low concentrations and, therefore, the values of the individual water 
quality criteria may have to be slightly reduced if other pollutants are present in significant 
amounts. Also, for chemicals which have a common toxic action on fish (such as many 
organic substances), their joint toxic action is additive at all concentrations. 

Finally, the EIFAC technical papers were updated and published in two books 
(Alabaster and Lloyd. 1982; Howells, 1994). 

In parallel with the programme of the Working Party on Water Quality Criteria, a 
group was set up to provide advice on fish toxicity testing procedures and associated 
terminology. To some extent, the need for such advice arose from the variable quality of 
the ecotoxicological data which had been critically evaluated as part of the reviews. It 
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was clear that tests should be carried out for well defined purposes - for initial screening 
of chemicals for toxicity, for enforcing effluent standards, and for monitoring river quality. 
Tests devised for one of these purposes were not necessarily useful for other 
investigations (Alabaster and Lloyd, 1982; EIFAC, 1983). 

The EIFAC water quality criteria have been widely used as a basis for water quality 
control in Europe, and in some countries they have formed the basis for national water 
quality standards. Within the EEC, the criteria have formed the basis for water quality 
standards contained in the EC Directive on the quality of fresh water needing protection 
or improvement in order to support fish life (78/659/EEC) and, to a more limited extent, 
in the EC Directive on pollution caused by certain dangerous substances discharged into 
the aquatic environment of the community (76/464/EEC). 

In the past, the attention of the Working Party has been directed towards common 
pollutants which have been identified as causing harm to fish. Because the importance of 
these substances has been recognized by the scientific community, a large data base was 
available for critical review and the tentative water quality criteria had a firm foundation. 
Pollution from these substances is, or should be, now under control in European rivers. 
The attention of regulators is now turning to the vast number of other, mainly organic, 
chemicals which may appear in freshwater as a result of man's activities. 

This poses two main problems: First, the Working Party does not have the 
resources to carry out critical review on more than one or two substances a year so that 
progress would be much slower than that demanded by national and international political 
initiatives; however, this problem has been overcome to some extent by the recent 
preparation of some relevant critical reviews (although not generally as comprehensive as 
those of EIFAC in their scope) by other national or international organizations. The second 
problem is that, for many of these compounds, and especially for new chemicals, the data 
are inadequate even for the derivation of extremely tentative water quality criteria, with 
field data being non-existent. 


3. THE RISK ASSESSMENT APPROACH 

Recently, attention has been given by the scientific community to the "risk 
assessment" approach to prevent harm being caused by pesticides or other organic 
chemicals to aquatic life. In this context, a risk assessment is based on a comparison 
between the measured toxicity of a substance to aquatic organisms and the environmental 
exposure (a function of concentration and duration). 

Although there is some general international agreement on the basic data package 
required for such an assessment, no guidance has been given on the way in which the 
data are evaluated in order to arrive at an assessment. For example, it is obviously 
unnecessary to obtain data from detailed and lengthy ecotoxicological studies on a 
chemical whose maximum predicted concentration in the aquatic environment based on 
very conservative estimates is many orders of magnitude lower than the acute toxic 
concentrations for fish and Daphnia. It is only when this margin safety is small that 
refined estimates have to be made of both, the toxicity of the substance and the predicted 
environmental concentration. The former may be readily carried out using well-tried 
techniques, but the latter is more uncertain. Although several models have been produced 
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to predict the distribution of a substance in various environmental compartments, rates of 
biodegradation in the natural environment may be critical and difficult to quantify. 

Within this rapidly developing and complex field, the scientific community is now 
focusing its attention on one aspect of aquatic toxicity prediction - the use of quantitative 
structure-activity relationships (QSAR). Basically, in this context, QSAR is the correlation 
of the toxicity of a compound with its physico-chemical properties. 

During 1991/92 FAO, in a Technical Cooperation Project, used risk assessment as 
a tool to identify environmental problems in the Kenyan waters of Lake Victoria 
(Calamari gj aL. 1994). 

Such an exercise was considered of high interest and the Committee of Sponsoring 
Agencies of the Onchocerciasis Control Programme of the World Health Organization 
commissioned a similar study to assess the environmental impact of the recolonisation of 
the oncho free areas in the upper L6raba Basin, Burkina Faso, CSte d'Ivoire and Mali 
(Baldry elaL, 1994). 


4. THE CIFA WORKING PARTY ON POLLUTION AND FISHERIES 

After the CIFA Working Party on Pollution and Fisheries had been established 
in 1985, it was decided that its first report should be devoted to discussing the Scientific 
Bases for Pollution Control in African Inland Waters, taking into account the traditional 
experience of the industrialized world on pollution control and the new emerging 
approaches such as the risk assessment procedures and the preventive strategies which 
take care of the evolution of the pollution problems. This report was prepared in 1986 and 
published (Biney etaL. 1987). 

Taking into consideration that relevant pollution problems had never been reviewed 
on at continental scale and existing information were scarce and scattered, it was decided 
to prepare critical reviews on the state of pollution in Africa looking at the three major 
contaminants identified in 1 985 at the Sixth Session of CIFA. namely organic loads with 
elevated content of BOD (sewage and wastes from agro-alimentary industries), metals and 
pesticides. 

The first two reviews were prepared in 1989 and 1991 and published 
(SaadetaL, 1990; Biney et aL. 1994). Pesticides, the third item identified, was 
considered a too complex subject and should have been subdivided. After a preliminary 
literature survey, however, documentation found was insufficient for most of the classes 
of pesticides, except for chlorinated hydrocarbon substances. It was therefore decided to 
limit the review to this group only. The review was prepared in 1993 and published 
(Osibanjo et aL. 1994). 

In the meantime, regarding the state of the African freshwater environment, useful 
information on the impact of vector control operations have been reported and were 
reviewed by Dejoux (1988), in particular, the assessment of environmental impact of 
onchocerciasis control operations have been described (LdvSque El aL. 1989, 
YameogogtaL, 1992). 
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In the eight years of its existence, the CIFA Working Party on Pollution and 
Fisheries produced a document on the scientific bases for planning intervention and 
management of water resources in relation to pollution. Moreover three documents were 
prepared, collecting data on organic loads, metals and chlorinated hydrocarbon pesticides 
in African inland waters and reviewing the level of contamination by these three groups 
of contaminants. Finally, it promoted a study on risk assessment from land based sources 
in an important African lake that could be used as a model for other similar studies. 

During its activities the Working Party involved several African scientists from 
various countries (Burundi, Cameroon. C6te d'Ivoire, Egypt, Ghana, Kenya, Nigeria, 
Seychelles and Tanzania), attempting to respond to the two recommendations from the 
SIL/UNEP workshop, an authoritative scientific group, cited at the beginning of this 
introduction. 

The Working Party achieved its major goals in outlining the scientific bases for 
water pollution control and management and in evaluating the state of the African aquatic 
environment, reviewing the major groups of pollutants that could have negative impact on 
aquatic life and fishery resources. 

The papers and reports prepared by the CIFA Working Party on Pollution and 
Fisheries have been re-edited and are presented in this volume. 
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SCIENTIFIC BASES FOR POLLUTION CONTROL 


by 

C. Biney, D. Calamari, H. Naeve, T.W. Maembe, 
B. Nyakageni and M.A.H. Saad 


1. INTRODUCTION 

The awareness of the harm caused by pollutants to natural environments has led 
the political and legislative authorities of industrially-developed countries to introduce or 
review regulations to protect the environment. However, in recent years, all over the 
world and particularly in many countries in Africa, there has been a remarkable population 
growth, accompanied by an intense urbanization, an increase of industrial activities and 
a higher exploitation of cultivable land. These transformations have brought about a huge 
increase in the quantity of discharges and a wide diversification in the types of pollutants 
that reach river waters and have undesirable effects on fish and on the potential for fishery 
exploitation. 

A few reviews exist on the state of pollution of African inland waters; see for 
example The Ecology and Utilization of African Inland Waters' (Symoens et aL , 1981) and 
'Future Hazard from Pesticide Uses with Special Reference to West Africa and Southeast 
Asia' (Balk and Koeman, 1984). In the framework of the activities of the Committee for 
Inland Fisheries of Africa (CIFA), two reports were prepared on the state of pollution of 
African inland waters (Alabaster, 1981; Calamari, 1985). Eleven countries were 
considered: Burundi, Malawi, Sudan, Kenya, Tanzania and Zambia in the first survey; Mali, 
Cote d'Ivoire, Ghana, Nigeria and Cameroon in the second. The documents report on 
sources of water pollution, on relevant scientific research and on the legislation enforced 
in each country. Both reports concluded that pollution problems do exist, though in 
different degree, in the various countries. The need for improved legislation and expertise 
was recognized, since local authorities were in general well aware of the importance of the 
problem and willing to improve their action in the matter of water pollution control. 

The purpose of this report is to examine and summarize what kind of research 
activities are needed to allow the adoption of regulatory measures based on scientific 
knowledge, for the effective control and prevention of aquatic pollution. In particular, it 
provides a strategy on how to deal with toxic substances, such as pesticides and heavy 
metals. Other types of discharges such as organic matter with high biological oxygen 
demand (BOD) and/or chemical oxygen demand (COD), suspended matter and nutrients, 
call for different consideration and a specific strategy of their own, as is the case with 
bacteriological pollution. It is. however, strongly recommended that control of these three 
types of pollution be well coordinated. An analysis is made here of how scientific 
knowledge is applied elsewhere, and how scientifically based regulatory actions may 
improve present methods of pollution control in Africa. Although socio-economic aspects 
are not taken into consideration in this report, it is clear that the environment is a resource 
for which the social price of degradation cannot be easily quantified. The cost of 
degradation in environmental quality can be very high, especially for future generations. 
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Among the prerequisites for decision-making, the following are important: political 
willingness, cultural attitudes and administrative capability. Consequently, there is a need 
to create public awareness of the deleterious effects of pollution and the dangers of 
incorrect application of chemical substances, particularly pesticides. In this connection, 
the potential role of non-scientific organizations in the preparatory phase of water pollution 
control activities is recognized. This report, however, concentrates on the role of scientific 
research in pollution control. 


2. PROBLEMS IN THE DEFINITION OF WATER QUALITY CRITERIA 

Water pollutants may be classified in many different ways, for instance according 
to chemical characteristics, physical state, environmental compartments in which they are 
discharged or found, sources, types of effects and target organisms which can be affected 
(Calamari and Chiaudani, 1984). 

This paper concentrates on micro-pollutants, those elements or substances that are 
discharged as a result of human activities but which are present naturally in water bodies; 
any increase caused by man with respect to the quantities or concentrations present in 
unpolluted environments may have deleterious effects on organisms or ecosystems or 
modify biogeochemical cycles. This concurs with the concept of 'specific pollutant', 
defined by the Water Management Group of the Organisation for Economic Co-operation 
and Development (OECD) as a substance which, introduced into the environment 
essentially as a result of human activities, under given conditions reduces the quality of 
water due to its toxic effects on human beings and aquatic life. It differentiates 'specific 
pollutants' from the classic parameters such as BOD, COD and suspended matter. 
'Specific pollutants' are also defined by other organizations as 'trace pollutants', 
'micro-pollutants', or 'recalcitrant pollutants'. About 1 500 commonly detected molecules 
have been listed as such by the Water Research Centre in the United Kingdom (Holdgate, 
1979) in the Index of Solubility. Toxicity and Biodegradability. About 30 elements, 
molecules or classes of substances have been included in the list of limits proposed for 
effluents in the Italian Law No. 319 for the prevention of water pollution (Marchetti glaL, 
1973). Further, the Environmental Protection Agency (EPA) of the United States has set 
up quality criteria for water for about 40 elements or substances (Train, 1979). There is 
now a tendency in many countries to increase the number of substances to be regulated 
or kept under control. 

The most commonly accepted definition of marine pollution is that given by 
GESAMP(IMO/FAO/Unesco-IOC/WMO/WHO/IAEA/UN/UNEP Joint Group of Experts on the 
Scientific Aspects of Marine Environmental Protection); this definition could, mutatis 
mutandis, also apply to fresh waters: "The introduction by man, directly or indirectly, of 
substances or energy into the marine environment (including estuaries), resulting in such 
deleterious effects as harm to living resources, hazards to human health, hindrance to 
marine activities including fishing, impairment of quality for use of sea water and reduction 
of amenities." 

Pollution can limit possible uses of water and aquatic resources, and water quality 
criteria have been formulated therefore as a function of the various uses. Four main uses 
are taken into consideration here: drinking water supply, agricultural use, bathing and 
amenity, and aquatic life. Since for potable water the hygienic and sanitary aspects 
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require a specific scientific and regulatory approach, and agricultural and aesthetic uses 
are generally less demanding, quality criteria for aquatic life are generally considered as the 
most important. In Africa, where a majority of water bodies is subject to multiple use, the 
application of the more protective criteria would be even more justified. 

In recent years there has been consolidation of the view that an aquatic ecosystem 
in which structures and functions are not disturbed possesses a quality which is 
immediately suitable, or suitable after simple treatment, for a variety of uses. This, 
together with the concept that every recipient body has a certain capacity to assimilate 
contaminants, has been the basis for the establishment of quality criteria for aquatic life 
by different international and national organizations (see EEC, 1978; Alabaster and Lloyd, 
1982; Train, 1979; Marchetti el aL. 1973). On this basis, it is assumed that, for each 
pollutant, there is a margin of safety between the zero level, or the natural concentration, 
and the concentration at which undesirable disturbances can be observed. This margin can 
be identified and used quantitatively for establishing water quality criteria. 

In general, water quality criteria are defined through the preparation of critical 
reviews of the scientific information available and by specifying on experimental evidence 
concentrations not to be exceeded. According to the European Inland Fisheries Advisory 
Commission (EIFAC), water quality criteria for freshwater fish should "ideally permit all 
stages in the life cycle to be successfully completed and, in addition, should not produce 
conditions in a river water which would either taint the flesh of the fish or cause them to 
avoid a stretch of river where they would otherwise be present, or give rise to 
accumulation of deleterious substances in fish to such a degree that they are potentially 
harmful when consumed. Indirect factors like those affecting fish-food organisms must 
also be considered should they prove to be important". 

The scientific reports of EIFAC are usually prepared by working groups that discuss 
the chemistry of the pollutant in water, lethal action on fish, sub-lethal effects, type of 
toxic action, factors which influence lethal levels, field observations in polluted waters and 
data regarding toxicity to algae and invertebrates. Reports are concluded with a tentative 
quality criterion for aquatic life. Other bodies or organizations work in an analogous way. 
The scientific community has the responsibility to produce the basic data by experimental 
research and to provide the expertise necessary to assess the data and establish, by 
deduction, a sufficiently reliable quality criterion. 


3. PROBLEMS IN THE APPLICATION OF WATER QUALITY CRITERIA 

The terms 'standard', 'objective' and 'criterion' are frequently used indiscriminately, 
but the majority of research workers and people responsible for water quality management 
follow the definitions given by Warren (1971): 

The term 'standard' applies to any definite rule, principle or measure established by 
authority. The fact that it has been established by authority makes a standard 
somewhat rigid, official or quasi-legal; but this does not necessarily mean that the 
standard is fair, equitable or based on sound scientific knowledge, for it may have 
been established somewhat arbitrarily on the basis of inadequate technical data 
tempered by a cautious factor of safety. Where scientific data are sparse, such 
arbitrary standards may be justified. 
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The word 'objective' represents an aim or a goal toward which to strive and it may 
designate an ideal condition. Most certainly, however, it does not imply strict 
adherence nor rigid enforcement by an agency or health department. It is gaining 
favour among engineers on boards and commissions that strive to achieve water 
pollution control by persuasive methods and cooperative action. 

A 'criterion' designates a condition defined by means of a critical review of 
scientific information and suitable to conserve structures and functions in the 
ecosystems. Unlike a standard, it carries no connotation of authority other than 
that of fairness or equity, nor does it imply an ideal condition. 

To obtain the desired quality criterion or objective, two different approaches have 
been followed in different countries. 

The first approach does not take into account the type and use of the water body 
receiving the contaminant but considers only the concentration of pollutants in the 
effluents. Uniform quality standards are set for any type of discharge (rigid effluent 
standards). These standards must necessarily be very restrictive in order to be effective 
since they have to protect even the most critical systems with a single regulation. As a 
result, the application of this criterion in many cases may lead to the requirement of a 
higher level of control than is necessary in the situation considered and hence to excessive 
and unnecessary costs, while more permissible limits may lead to a reduction in the level 
of protection. In fact, this procedure includes, by definition, neither the quantity of 
pollutant discharged over a period of time nor the number of discharges to the same 
receptor, and it does not take into account the receptive capacity of the water body. The 
main advantage lies in its ease of administrative management. 

The second approach limits the quantity of the pollutant according to the 
characteristics of the receptor (river, lake, coastal waters) and of the pollutant (toxicity, 
persistence, bioaccumulation). This approach is favoured from many points of view 
because it requires, on a case-by-case basis, a treatment level which is suitable to the 
receptive capacities and the use for which the water is intended (flexible effluent 
standards). This procedure, therefore, is considered as the most economical overall, 
offering the highest reliability as regards the protection of the environment. 

It might be concluded that the second approach would naturally be adopted in 
taking regulatory actions on effluents, but basic information is often needed on a number 
of elements: 

- The receptive capacity of the water body. This implies a thorough knowledge of 
the type of receptor, its hydrological balance, with particular reference to the 
critical flow, dilution capacity, oxidizing capacity, chemistry, biological structure, 
thermal variations, relationship with ground water, and the existence of other 
sources of pollution and any other factor that can influence the maintenance of a 
safe concentration of the discharged pollutant. 

The development of the sources of pollution over time. This involves information 
on population characteristics and future trends of urban and industrial development, 
which has to be considered in accordance with the local situation and, obviously, 
within the framework of general economic planning. 
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In many countries, therefore, an intermediate approach has been followed so as to 
allow for adaptation of the effluent standards to a variety of receptors and the groups of 
pollutants. It'also allows limits to be established in other compartments of the ecosystem 
rather than in water (e.g., in organisms or sediments). 

For situations or countries where chemical analyses required to enforce effluent 
standards are not feasible, the practice of applying effluent toxicity standards has 
developed. By means of a relatively simple toxicity test (in general with fish) discharges 
or effluents are permitted or forbidden according to their toxicity. This practice is used 
particularly when chemical characterization of the effluents is difficult or when mixtures 
of chemicals have to be tested. An interesting review of experience in this approach in 
U.S.A. and Canada is given by Tebo (1986). 

Recently, there has been a tendency to consider each case individually, to 
differentiate the approaches according to the type of pollutants, and, consequently, to 
establish different criteria for receptors with different characteristics. 

Other approaches have been used, for example for mercury and phosphorus. For 
mercury, limits have been set for concentrations in fish or in sediments, since scientific 
findings do not allow to establish a quality criterion for water. For phosphorus, the 
theoretical discharges are relatively easy to calculate (quantify) and, from mass balance 
calculations, for lakes a water quality criterion of 10 pg/\ has been set, in contrast to 
rivers, where the possibility of eutrophication is very limited. 

A common simple approach is to classify potentially harmful substances in a 'black' 
and a 'grey' list; the 'black list' concerns substances not to be discharged at all, while the 
'grey list' includes those substances which may be discharged within certain limits and 
under controlled conditions. 

An adaptation of these approaches to water pollution control to suit African 
conditions (geographical and administrative) could be made. 


4. AN AFRICAN EXPERIENCE: THE ONCHOCERCIASIS CONTROL PROGRAMME IN 

WEST AFRICA 

An important use of pesticides in Africa lies in the public and animal health sectors 
to curb, if not to eradicate, endemic diseases such as malaria, onchocerciasis, 
schistosomiasis and trypanosomiasis through the control of their insect or mollusc hosts. 
It is of interest to analyze this specific use of pesticides in relation to (i) the possible 
impact on fishery resources, (ii) the measures taken to control undesirable effects and 
(iii) the protection of the environment. 

One case for which information is available is that of the Onchocerciasis Control 
Programme (OCP). The brief summary below is mainly based on 'Ten years of 
onchocerciasis control in West Africa' (WHO, 1 985) and on the review of LdvSque (1989) 
on aquatic biological monitoring. Other sources of information are the reports of the OCP 
Ecological Group. 


1 1 


Copyrighted material 



Scientific bases for pollution control 


4.1 The problem and the environment 

The female of the black fly, Simulium damnosum, is the vector of dermal filariasis 
(caused by the parasitic worm Onchocerca volvulus), which can result in blindness. The 
illness is prevalent along rivers, whence the name 'river blindness', as the larvae of these 
flies are aquatic and occur only in fast flowing waters. In 1 974, UNDP, FAO, World Bank 
and WHO launched a campaign for the control of the larval stages of the vector. About 
1 8 000 km of rivers were treated weekly in several countries of West Africa. The rivers 
are of the savanna type, with a flood period (July-December) and a dry period 
(January-March/April) during which some of them dry up completely. 

Before this programme was launched, little was known on the ecology of these 
rivers. A catalogue of aquatic insects and fish was therefore compiled, several studies 
were made of the river biology and an extensive monitoring programme was carried out 
prior to the treatments with pesticides. 


4.2 Criteria applicable for the selection of larvicides 

Several hundred insecticides were tested by OCP for their effectiveness against 

Simulium; for application in the programme, it was decided that any new larvicide should 

meet the following criteria: 

(a) The acute effects of a candidate pesticide, in the formulation and dose rate as 
appropriate for its use against Simulium , should not include reduction in the number 
of invertebrate species to a level at which their survival in a given locality would be 
endangered. 

(b) The pesticide should not give rise to the regional disappearance of any invertebrate 
species; the temporary (seasonal) local disappearance of some invertebrate species 
at the breeding sites of Simulium may have to be accepted. 

(c) The pesticide should not cause a long-term (i.e. extending beyond the next season) 
imbalance under normal conditions of application, i.e. marked shifts in the relative 
abundance of species should not occur. 

(d) The use of the pesticide should have neither direct impact on fish nor any effect on 
their life cycle. 

(e) Compounds likely to accumulate in the food web should be avoided. 

(f) In selecting pesticides for Simulium control in an area, account should be taken of 
human activities which, either by themselves or in combination with the vector 
control operations, might cause adverse effects on the environment. 


4.3 Pollutant load 

Temephos (Abate), a degradable organophosphorous insecticide with very low 
toxicity on mammals and fish, was the only molecule used in the first phase of the 
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programme (until 1979). Unfortunately, the development of resistance in insect 
populations led to the use of chlorphoxim, another organophosphorous insecticide with a 
higher toxicity to non-target fauna. In the meantime, a dispersible concentrate of the 
biological insecticide Bacillus thuringiensis, serotype H-14 (Teknar), began to be used 
successfully and it is increasingly employed (seeTable I). However, B. thuringiensis H-14 
is not effective during high-water conditions, and chemical insecticides have still to be 
used. In 1985, limited use of permethrin, an artificial pyrethroid, has been made in a 
restricted area with the consent of the Ecological Group. 


Table I 

Insecticide consumption (expressed in litres of marketed preparation) 


Larvicide 

1976 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1963 

Abate C200 

75631 

129947 

1 6561 6 

215879 

263377 

164517 

130000 

1 62750 

74807 

Chlorphoxim 






5713 

70000 

6699 

35796 

Teknar 






416 

1500 

232986 

310000 || 


4.4 The aquatic monitoring programme 

An extensive biological monitoring programme was set up at a number of stations 
in order to check on the possible short- and long-term effects on the communities of the 
treated rivers. 

Overcoming a great number of scientific and practical problems, the monitoring 
programme on benthic populations and fish has operated since 1975, using national teams 
of scientists, locally available manpower and facilities. Short-term research was performed 
also on specific problems and at different ecological levels (phytoplankton, zooplankton). 
The invertebrate populations were studied by means of: (i) drift net sampling, (ii) Surber 
sampling (on rocky substrates in low-water periods), and (iii) fixed and floating artificial 
substrates. The state of fish populations was studied mainly by monitoring catch per unit 
of effort, variation in species composition, coefficient of condition and fecundity. A great 
number of publications on the results of the biological monitoring is available, and all are 
listed in the review by Ldvfique (1989) already cited. 

During ten years of monitoring, appreciable changes have occurred in aquatic insect 
populations, e.g., the disappearance of some Simulidae, the rarefaction of other groups 
and the proliferation of Chironomidae; it is, however, difficult to attribute all the changes 
observed to pesticide treatments since hydrological fluctuations could also have played an 
important role. The results of the fish monitoring activities have shown that treatments 
have little or no impact and that no major changes occur in the fish catch or in the 
coefficient of condition and fecundity. It can be concluded that temephos has no 
discernible long-term effects on fish populations, and that some changes observed 
following the use of other insecticides are of only limited extent; moreover, also in this 
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case, hydrological fluctuations may be responsible. On a long-term basis, the ability of 
insect populations from non-treated zones to recolonize the treated areas has been 
demonstrated. 

Ldvgque (1989) concludes that the results obtained after many years' treatment 
indicate that the larvicides employed had little effect on the non-target fauna. Although 
the first applications of temephos and chlorphoxim had fairly strong impact on invertebrate 
communities in the short term, it would seem that these conditions cease to exist fairly 
quickly after a year or less of successive applications. In operational conditions, the 
treated rivers seem to have fairly strong resilience and at any rate a great capacity for 
recovery. The situation is still improving with the reduction in the number of rivers 
treated, resulting from the success of the vector control, and with the increasing utilization 
of B. thuringiensis H-14, a pesticide exceptionally safe for non-target fauna. 

Nevertheless, future activities, which include extension and improvement of 
biological monitoring, are envisaged. As a result of difficulties often encountered with 
routine chemical monitoring in Africa, only a few analyses of fish samples were made. 
Temephos was found to be present in fish muscle but levels sharply decreased a few days 
after the treatment. A new pilot project on chemical monitoring of fish is under 
consideration in relation to the use of new pesticides within OCP. 

It appears that, in view of the intensive campaign of treatment and the possibility 
of Simulium developing resistance, efforts to detect undesirable effects have to continue, 
since the margins of safety between tolerable levels of chemicals and those provoking 
dramatic modifications in the environment have not yet been identified and are probably 
narrow. 


4.5 Relevance of the programme to the work of CIFA 

This brief description of the OCP environmental activities has demonstrated the 
feasibility and usefulness of different types of biological monitoring of African rivers. Vast 
experience already exists in some countries, by which a number of other countries can 
profit. Several methods have undergone large-scale testing under African conditions and 
have given good results. Local personnel have been adequately trained at individual level, 
and several institutes exist in which comprehensive experience has been gained. However, 
this is not the general situation for all countries involved in OCP, where the ability to 
perform biological monitoring is unequal. 


5. RELEVANT AQUATIC POLLUTION RESEARCH PROGRAMMES SPONSORED BY 
THE UN SYSTEM 

Within the framework of the UNEP Regional Seas Programme, four Action Plans 
covering African countries have been signed: the Action Plans for the Mediterranean, the 
Red Sea and Gulf of Aden, West and Central Africa and the East African Region (UNEP, 
1 982). Three Action Plans (Figure 1 ) comprise projects on marine pollution monitoring and 
research with components on analyses of metals and organochlorines in biota, oil pollution 
monitoring on beaches and in coastal waters, and bacteriological quality control of bathing 
waters (UNEP, 1983, 1985, 1988). MED POL (Mediterranean) has operated since 1975, 
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WACAF 2 (West and Central Africa) since 1983, while EAF 6 (East Africa) is at the 
planning stage. Although these projects deal with marine and coastal pollution, the 
structures created, including analytical facilities and capabilities in a number of research 
centres, are undoubtedly of interest and relevance to any pollution research projects to be 
established under CIFA. 

Programmes and projects in the freshwater sector also are being executed by the 
UN system, e.g., the ONCHO Programme (Section 4) and the WHO/UNEP GEMS-Water 
Project, a world-wide programme aiming at monitoring of freshwater systems, improving 
the validity and comparability of water quality data and assessing trends of water 
pollution. 


Figure 1 . Coverage of relevant UNEP Action Plans in Africa 


6. SCIENTIFIC RESEARCH: TRADITIONAL AND NON-TRADITIONAL TRENDS 

Part of the scientific community endeavour to elaborate more precise quality 
criteria, a 'traditional' approach. For a higher degree of precision of the criteria, these 
scientists take into account, for instance, the chemical and biological transformations 
which might occur, and study the statistical distribution over time. Work is also being 
done to develop criteria for substances which had not been considered previously. This 
conventional approach has good reasons to exist, as demonstrated by the critical reviews 
of Sprague (1976) and Thurston (1979). They underline that for a great number of 
pollutants no criteria exist and that only about 50% of the criteria proposed can be 
considered acceptable or would be acceptable if somewhat modified: the rest are 
inadequate and need correction. They also stress the need for more information on 
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identified pollutants, i.e. the chemical behaviour of the molecule, environmental fate, 
toxicity of the principal forms and possible transformation and bioaccumulation. 

Another issue that needs experimental study concerns mixtures of toxicants; 
divergent positions have been taken by two competent organizations. In Water Quality 
Criteria, 1972 (NAS/NAE, 1 973), the U.S. EPA maintains that, in the presence of a mixture 
of pollutants at a No Observable Effect Concentration (NOEC), it is necessary to lower the 
water quality criteria, i.e. to reduce to a fraction, the acceptable level for each of the 
pollutants present. The EIFAC Working Party on Water Quality Criteria for European 
Freshwater Fish, after extensive review of the literature on mixtures of toxicants, 
concludes instead that experimental evidence suggests that the proposed quality criteria 
for individual toxic substances could be applied also in cases where several pollutants are 
present (EIFAC, 1980; Alabaster and Lloyd, 1982). However, reviewing the subject in 
1986, the EIFAC Working Party concluded on the basis of recent research on organic 
chemicals that low concentrations at no-effect level of such substances may still exert a 
harmful effect when present in mixtures (EIFAC, 1987; Howells, 1994). Pending further 
research, it is prudent to assume that the effects of chemicals in mixtures are additive at 
very low concentrations. Thus individual water quality criteria may have to be slightly 
reduced if other pollutants are present in significant amounts. This shows that even 
'traditional' approaches serve to fill gaps in knowledge or at least to clarify controversial 
points. 


'Non-traditional' research follows two main currents: one aims at forecasting, as 
far as possible, the effect and the fate of pollutants in ecosystems, the other at the 
definition, in quantitative terms, of biogeochemical cycles. Both tend towards producing 
information necessary for control measures prior to discharge of pollutants. 

Several substances have been banned recently because of their marked effects on 
the environment and on human health. There is now pressure to evaluate the risks 
inherent in new chemical substances in advance of their production on a commercial scale. 
A similar approach has been proposed for substances already in use and produced in very 
large quantities for which insufficient information exists. Different screening methods have 
been developed for such evaluations. On the basis of a wide debate (see, for example, the 
Chemical Testing Programme, OECD) agreement has been reached on chemical properties 
to be measured and the toxicological tests to be performed to define the degree of hazard 
of the various substances (Integrated Rating System (IRS); Schmidt-Bleek el aJ., 1982). 

Another approach is the application of the Quantitative Structure-Activity 
Relationships (QSAR), proposed by Hansch (1969, 1973). Recent experimental work 
indicates the possibility of attaining a high degree of predictability, with substantial 
agreement between expected and observed toxicity levels within relatively homogeneous 
classes of organic chemicals. In some cases the hydrophobic characteristics, expressed 
by the logarithm of the n-octanol/water partition coefficient (log P), were sufficient to give 
high correlation with the toxic activity of the molecules. Good results have been obtained 
for several industrial organic chemicals (Veith §i sL. 1983; Konemann, 1981; Hermens 
elgL, 1984; Calamari el aL, 1983). Electronic characteristics (pKa) are a determinant 
factor in the toxicity of several amines (Calamari el sL, 1980). The toxic activity of 
phenols, chlorophenols, chloro- and alkylanilines is adequately described by a bi parametric 
equation (Hermens el aL. 1984; Saarikoski §1 sL, 1986). In other cases, log P alone, 
although significantly correlated with the toxic effect, was not sufficient to give good 
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predictability. For example, a study by Vighi and Calamari (1 985) on organotin compounds 
showed good predictability only within the different subclasses (mono-, di-, tri- and 
tetrasubstitutes). Better results, with very high predictability, have been obtained with a 
biparametric equation, introducing electronic or steric parameters as pKa or molecular 
connectivity indices Cx and V>- The usefulness of molecular connectivity in structure 
activity relationships has also been demonstrated for several other compounds (Schultz el 
SL, 1982; Sabljic, 1983). 

BasakeiaLd984) found quantitative correlations between toxicity and structure 
of several organic esters with a multi- parametric relationship which included a lipophilic 
(log P), an electronic ('/“) an< f a steric parameter (CIC). 

From the few examples quoted and the ample literature available, Konemann and 
Calamari (1983) stated that: 

QSAR have been developed for several classes of chemicals and allow, within these 

classes, good estimates of toxicity of chemicals. 

Most QSAR have been calculated for a limited number of chemicals. Expert 

judgement is necessary to indicate the boundaries of the validity of QSAR. 

If used in a proper way QSAR can be very helpful for selecting priority chemicals, 

if experimental data are not available. 

Until recently, the application of the QSAR only to homogeneous groups of 
chemical substances was a limitation. A wider application of this approach will provide 
more accurate and scientifically reliable lists of dangerous substances. 

The second 'non-traditional' approach aims at the definition in quantitative terms 
of the biogeochemical cycle of the various molecules or elements. 

Simulation models and tests in partially-controlled ecosystems quantitatively define 
the biogeochemical cycles in more accurate form than earlier work on pesticides (Metcalf 
gi gf., 1971); they are certainly more practical than the gigantic detailed models 
constructed for some pollutants, e.g., DDT (Randers, 1973). Such research aims at 
determining a Predicted Environmental Concentration (PEC) on the basis of a few 
physico-chemical parameters. The degree of affinity of chemicals to the fundamental 
environmental compartments (water, air, soil, biota) is assessed on the basis of four 
physico-chemical properties: S - water solubility; H - Henry's constant; K oc - soil absorption 
coefficient; K„„ - n-octanol/water partition coefficient. Values for these parameters can 
be measured experimentally or calculated by means of a property correlation equation 
(Kenaga and Goring, 1980). On the basis of this simple approach calculations can be 
made using models such as the fugacity model of Mackay and Paterson (1981) of the 
Predicted Environmental Distribution (PED). More complex models based on the same 
principles are the Quantitative Water, Air, Sediment Interaction model (QWASI) (Mackay 
elaL- 1983, 1983a) and the Exposure Analysis Modelling System (EXAMS), developed 
by EPA (Burns el stL. 1981). 

However, the PED is of limited help in predicting the final concentration of a 
molecule in a given environment, since a molecule in contact with the environment could 
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have different fates according to its characteristics and those of the environment. Basic 
processes affecting the molecule are photolysis, photo-oxidation, redox and other types 
of chemical reactions with other molecules present in the environment, and biodegradation 
and metabolism. 

Few attempts have been made to specify data on organic chemicals needed to 
predict their environmental fate; however, some information is available (see, for example, 
Haque (1980) and Hutzinger (1980, 1982)). More data are available on biodegradability, 
and the persistence of a number of substances can be predicted, although methods for 
studying biodegradation are still controversial (Gerike and Fisher, 1979, 1981). 
Metabolism, although important for organisms, plays in general a minor role in the 
quantitative transformation of environmental contaminants. When data are available, a 
transformation matrix can be prepared and, using the time of persistence, the PEC can be 
calculated. In this context, physical dispersion and the characteristics of receiving waters 
have to be taken into account. 

Utilizing these new approaches, it is possible to formulate a scheme of 
environmental management to take account of the assimilative capacity (absorption, 
transformation and storage) of each environmental compartment. At legislative level, the 
new approach is acknowledged in laws on new chemical substances such as the Toxic 
Substances Control Act in U.S. A. (U.S. EPA, 1978) and the 6th Amendment to Directive 
831/79 on Dangerous Substances in the European Economic Community (EEC, 1979). 
The current view is that pollution prevention is preferred to post hoc control. A policy of 
prevention implies that toxicological characteristics of molecules are known before a 
chemical is marketed. Consequently, the prediction of damage is a key issue in scientific 
and regulatory activities and most of the ecotoxicological studies are directed to its 
improvement. 


7. THE RISK ASSESSMENT APPROACH 

In an editorial in 'Environmental Toxicology and Chemistry', Kimerle (1986) raised 
the provocative question: 'Has the water quality concept outlived its usefulness?'. Since 
the fifties this concept has been the scientific basis for any water quality control. During 
the seventies, when a shift from control to prevention took place, it was realized that 
control of conventional pollutants alone was an inadequate strategy. Moreover, with the 
improvement of waste treatment technology, a higher reduction of toxic inputs was 
envisaged. Three additional reasons lead towards a different strategy in pollution control: 
(i) the need to protect the whole environment and not just one or the other of the 
compartments (water, air, etc.) or an identified target species; (ii) the huge quantity of 
information necessary to formulate water quality criteria, and (iii) the great number of 
chemical substances actually used by man as well as the variety of chemical groups to 
which these substances belong. 

Simply as an example, the EIFAC Working Party on Water Quality Criteria in more 
than twenty years has produced only 1 5 reports and the U.S. EPA 'Red Book’ contained 
only 53 criteria in 1976. On the other hand, in the European Economic Community about 
10 000 chemicals are widely used. To overcome this problem, EPA proposed in 1983 a 
simplified method of deriving a water quality criterion (Stephan ej ah, 1983); the method 
required 1 6 acute tests on different animal species, 3 chronic tests, 2 tests on plants and 
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one bioconcentration study. This proved a too complex procedure to speed the 
preparation of all criteria documents necessary for an appropriate water pollution control. 

One can assume that no exposure means no need for toxicity data. This simple 
concept highlights the importance of exposure, and it was realized that a toxicological 
criterion is only part of the pollution control strategy. Obviously, it is not necessary to 
conduct very complex toxicological studies when, at a first estimate, the predicted 
concentration of a substance in the environment will be very low or several orders of 
magnitude less than the acute toxic concentration. 



Figure 2. 


Scheme of the relationships existing among exposure, effects and risk 
assessment 
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The Risk Assessment approach (Fig. 2, Calamari, 1 984) has become popular in the 
scientific community and with administrators involved in regulatory and control activities. 
In-depth toxicological investigations are necessary only when the predicted environmental 
concentration is not far from the No Observable Effect Concentration (NOEC) derived from 
relatively simple toxicological tests or even data on acute toxicity. The value of this 
approach lies in the possibility of managing a higher number of chemicals for which there 
are limited toxicological data. 

An outline of Risk Assessment is given by Bro-Rasmussen and Christiansen (1984). 
The prediction of the environmental concentration of a substance starts with the 
determination of a few basic parameters such as physico-chemical characteristics and 
production and/or emission data to ascertain the distribution and mobility of the chemical 
in the environment. Then the persistence is evaluated from data on chemical or biological 
degradation in the various compartments. The toxicological studies to follow will provide 
acute and chronic toxicity data; studies of microecosystems need only be conducted when 
the data on potential exposure show there is cause for concern. 

In general, it is easier to obtain information on production and use and data on 
physico-chemical characteristics than toxicological data, so simple calculations or scenarios 
can be of great help in pollution control management. However, the problem is not always 
simple and at least 30 types of approaches to Risk Assessment have been proposed 
(Hushon, 1982). 

Under African conditions, where basic ecotoxicological data are frequently scarce 
or even nonexistent, Risk Assessment could provide a preliminary step. For example, for 
a pesticide, data on quantities entering into a country and the extent of the area treated, 
are relatively easy to obtain; the basic physico-chemical characteristics can be taken from 
handbooks or obtained from the manufacturers. Then the mass balance and the 
theoretical concentration can be calculated for each water body from available data. Acute 
toxicity data from the literature can provide the basis for an approximate toxicological 
evaluation. By comparing the PEC in water, sediments or fish with acute toxicity data, one 
can decide if direct research on the chemical is necessary, and if reduction in the quantities 
applied or alternative options (other chemical to be used) are needed in order to protect the 
environment. 


8. CONCLUSIONS 

For water pollution management in the African continent, several strategies are 
available for limiting undesirable effects as well as for pollution prevention. Considering 
the limited resources available, a number of methodological approaches are proposed; they 
can be used in sequence, from the simple to the more complex, or in combination. 

The concept that water quality criteria are the basis for any kind of water pollution 
control policy is certainly valid. However, data from industrialized countries with 
temperate ecosystems should only be applied with caution to African conditions since 
toxicity, persistence and accumulation rates will either be higher or lower, depending on 
the substance. Comparative toxicity studies are therefore needed, even if these are, for 
example, simple short-term tests under static conditions to assess the toxicity of a few 
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chemical substances and effluents on one or two species of native fish (e.g., Tilapia sp. 
and another) or eventually a crustacean or mollusc. 

The following is a proposal for a general scheme for pollution management: 

Collection of basic data on all existing sources of pollution by means of national 
surveys, calculation of the theoretical loads. 

Evaluation of the state of water bodies by means of simple chemical analyses and 
biological monitoring. (This could be an important task in several countries). 

Evaluation of the potential damage to fisheries through review of literature data, 
toxicity testing with local species and, whenever possible, chemical analyses of 
environmental matrixes. 

Establishment of safe effluent 'standards' and compilation of a 'black' and a 'grey' 
list of dangerous substances. 

Determination of 'environmental objectives' for recipient waters using water quality 
criteria appropriately modified on the basis of those proposed outside Africa. 

For management of polluting discharges, the following strategies can be applied: 

(a) Limitation of the effluents by means of a rigid effluent standard, both with chemical 
concentration limits and/or with a toxicological limit derived by simple acute toxicity 
tests on effluents. This does not take into account the specific characteristics of 
the receiving water body. 

(b) Limitation of the effluents by flexible effluent standards. In this case, the limits are 
calculated in order to maintain water quality criteria in a specific water body. Also 
in this case the limit can be defined as chemical and/or toxicological. Values and 
limitations of these approaches have been discussed in the previous chapters. 

(c) For some chemical substances it is scientifically unsound, and insufficient to 
protect the environment, to set up 'objectives' or 'criteria' for water (the classical 
case is mercury). In such cases it is necessary to indicate objectives or criteria for 
another environmental compartment or matrix (for example sediments or fish). 

(d) Sometimes, with particular environments and for certain chemical substances, a 
species is shown to be particularly sensitive (crustaceans to pesticides, for 
instance). In such cases, an 'indicator species'-oriented management has to be 
preferred to the water quality criterion approach. 

(e) The classification of chemical substances in use in a country into 'black', 'grey' and 
'white' lists can be of help, especially in the framework of a Risk Assessment 
approach to water quality control (i.e. the comparison of predicted environmental 
exposure with available toxicity data). This does not necessarily mean that the 
black list chemicals are to be totally banned but that they should be used only on 
certain conditions and under strict control (such as for PCB for certain industrial 
activities in Europe). 
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Finally, it should be noted that the control and management of water quality in the 
general interest of society implies the choice of priorities and objectives, the selection of 
criteria through which the quality must be verified in relation to fixed objectives and, 
finally, the definition of standards for the criteria chosen in order to pursue and achieve the 
goals . The establishment of the objectives is essentially an administrative decision made 
on the basis of social, economic and technological considerations, taking into account the 
divergent interests of the different users of water. The actual management of water 
resources thus depends on the choice of appropriate objectives, on the basis of which it 
is possible to advise on optimal and often simple methods for water quality management. 
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DOMESTIC AND INDUSTRIAL ORGANIC LOADS 


by 

M.A.H. Saad, A T. Amuzu, C. Biney, D. Calamari, 
A.M. Imevbore, H. Naeve and P.B.O. Ochumba 


1. INTRODUCTION 

Over the last years, in many African countries a considerable population growth has 
taken place, accompanied by a steep increase in urbanization, industrial and agricultural 
land use. This has entailed a great increase in discharge of pollutants to receiving waters, 
causing undesirable effects on the aquatic environment and on fisheries. 

Organic pollution of inland waters in Africa, in contrast to the situation in developed 
countries, is often the result of poverty and economic and social under-development. 
According to Tolba (1982), it is in these countries that the quality of water, and often the 
quantity, is lowest, sanitation and nutrition the worst and disease most prevalent. 

Unfortunately, there are very few water quality studies for most African inland 
waters. In general, the available data come from scattered investigations which were 
carried out by individuals and by very few scientific projects concerned with African 
waters. Few reviews exist on the state of pollution of African inland waters, e.g. Dejoux 
et al (1981), Alabaster (1981), Calamari (1985), Burgis and Symoens (1987), Dejoux 
(1988) and Davies and Gasse (1988). All documents confirm the existence of pollution 
problems at various levels in the different countries. 


2. IMPACT OF ORGANIC WASTES 

Due to population and industrial growth, inland waters (rivers, lakes, etc.) become 
often the recipient of organic matter in amounts exceeding their natural purification 
capacity, while in the past natural purification and dilution were usually sufficient. 

Sewage and other effluents rich in decomposable organic material, cause primary 
organic pollution. Secondary organic pollution is defined as the surplus of organic matter, 
which is the sum of undecomposed organic material introduced into the water body with 
primary pollution and of the material resulting from an extremely increased bioproductivity 
within the polluted ecosystem itself (Stirn, 1973). As stated by Dejoux et al. (1981). 
organic wastes mineralize in the receiving water bodies and the resulting nutritive elements 
stimulate plant production, leading to eutrophication. In this situation, the biomass 
increases considerably and goes beyond the assimilation limit by herbivores. This 
secondary organic pollution is considerably greater than the primary organic load. The 
excessive production of organic matter leads to the build up of "sludge" and the 
mineralization process consumes all dissolved oxygen from the water column, which 
causes fish kills. Consequently, organic pollutants are called oxygen-demanding wastes. 
The relatively high temperatures in tropical countries accelerate this process. 
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3. SOURCES AND TRANSPORT OF ORGANIC LOADS 

Rain water transports soil to streams, rivers and lakes by erosion processes, 
including dissolved and particulate organic matter. Decomposition of this organic matter 
continues during transport and in the sediments, giving new soluble organic and inorganic 
matter. The quantities of organic matter transported, its characteristics and composition 
vary from one region to another. A man-made transport mode of organic material to 
natural receiving waters are sewage pipes. Man himself is unable to use all the energy 
stored in food and his wastes are often discharged into the water without treatment. It 
is well known that untreated sewage creates a public health danger, being a potential for 
epidemics of water-borne diseases, such as typhoid fever, and also causes a serious loss 
of the recreational value of the inland waters (§tirn, 1973; Shuval, 1986). The present 
paper, however, is dealing with organic load only since public health problems resulting 
from sewage require separate attention and a specific strategy of their own. 

In addition to the ever-increasing urbanization, industry and development of 
agriculture and forestry contribute considerably to the organic loads, which pose a hazard 
for inland waters and fisheries. Accordingly, domestic sewage and organic industrial 
wastes, as well as wastes from agricultural and forestry products are considered as main 
sources of organic pollution of African waters. Alabaster (1981) pointed out that 
agriculture is being further developed in some African countries, leading to an extension 
of existing industries involved in the processing of plant and animal products and to an 
increase in the highly oxidizable discharges. 


3.1 Municipal Waste Water 

According to Dejoux £j ah ( 1 98 1 ), urban pollution is generally organic in origin and 
is very dependent on the size of the urban development, on the existence of the effluent 
treatment systems and on the waste disposal habits of the inhabitants. 

The principal physical, chemical and biological characteristics of traditional sewage 
are known. Mixed sewerage systems of modern municipalities, however, do add 
increasing levels of organic and inorganic material, some of them toxic (e.g. heavy metals), 
to municipal effluents from small industries. The rise in municipal BOD wastes is related 
to industrial effects rather than to the great changes in the habits of the population. The 
increase in the phosphorous compounds transported by wastewater constitutes a major 
problem. Many African towns have open drain systems, which are flooded during the 
rainy season, leading to high organic discharge to the receiving waters over short periods 
of time. 


3.2 Organic Industrial Wastes 

In most developed countries, industries produce a larger load of organic wastes than 
municipalities. Wastes with high BOD loads are produced by textile industries, paper and 
pulp mills, rubber production and chemical industries. Metal industries and mining 
contribute to a lesser degree to organic loads. 
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In Africa, food processing Is a major industry; plants are mainly located inland, and 
consequently the discharged wastes create pollution problems in the inland waters (rivers, 
streams and lakes). Typical examples for such industries are meat processing and dairy 
plants, sugar refineries, breweries, distilleries and palm-oil industries. The quantities and 
characteristics of wastes from these sources vary, and the pollution caused by them has 
to be calculated on a case-by-case basis, especially when the organic load is considered. 
In general, BOD loads are higher than those of ordinary sewage. 


4. PARAMETERS FOR MEASURING ORGANIC POLLUTION 

BOD, COD and suspended solids are the traditional parameters for measuring 
organic pollution. However, parameters such as dissolved oxygen (DO), hydrogen sulphide 
(HjS), pH, total dissolved solids (TDS) and nutrients are also important. The nutrients 
nitrogen (N) and phosphorus (P) have been identified as key factors in the eutrophication 
of inland water (Vollenweider, 1968). They are measured in their various organic and 
inorganic forms (e.g. NH 3 , N0 2 , N0 3 , PO,*). 

The most relevant textbook on analytical methods is 'Standard methods for the 
examination of water and waste water' (APHA/AWWA/WPCF, 1985), 


5. CALCULATION OF ORGANIC AND NUTRIENT LOADS 

The assessment of nutrient loading and of the relative contribution of the different 
sources of nutrients to surface waters is of critical importance for the implementation of 
pollution control measures to prevent or reverse eutrophication. 

Analyses provide a precise measurement of nutrient loads but they are very costly 
and time consuming and they fail to give adequate information regarding the contribution 
from different sources. The only possible approach to a large-scale evaluation is a 
theoretical estimate by means of quantification of the various sources, by collecting data 
on land use, population, agricultural and industrial activities and by applying appropriate 
and specific coefficients. 

This method has been extensively used in developed temperate countries, and 
suitable coefficient are available. For tropical countries some modifications are necessary 
and extrapolations would have to be made. 


6. SELECTED AFRICAN EXPERIENCES 

The two major sources of organic matter and nutrients are domestic discharges and 
food processing industries. The increase in African population is exponential, especially 
in towns; the population of Bujumbura, for example, has tripled in twenty years. The 
populations of Abidjan and Lagos have increased by twenty times in forty years. Cairo, 
according to the last census, has more than 10 million inhabitants. Similar trends can be 
observed everywhere in Africa. 
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Despite the fact that in many situations the organic load has not been properly 
quantified, one should stress the relevance of food processing industry in all African 
countries in contributing to the BOD load, especially of big rivers. Dejoux (1988) gives the 
following examples: Wastes from fruit juice production and breweries are discharged to 
the Niger at Bamako, to the Maraohue in Cote d'Ivoire, to the Logone in Chad, as well as 
to the Abidjan and Lagos Lagoon and to the coastal lake Nokou6 in Benin. 

Wastes are seasonally discharged from sugar-cane processing at Ferk6ssedougou 
to the Bandama River, at Banfora to the Como6 (Burkina Faso) and to the Sabi-Lundi River 
in Zimbabwe, from coffee processing at Bouafl6 to the Bandama, and to River Nyando in 
Kenya. Palm oil factories, milk processing industries, sisal, etc., are other important 
sources for wastes with a high BOD. 

Alabaster (1981 ) and Calamari (1985) have reviewed the state of aquatic pollution 
in Burundi, Cameroon, C6te d'Ivoire, Ghana, Kenya, Mali, Malawi, Nigeria, Sudan, Tanzania 
and Zambia. Both reviews reported on the research activities and publications in these 
countries. Some of this research deals with the organic wastes and their effects on the 
receiving inland waters. 

In the following part, selected African experiences are reported, illustrating 
situations in which water bodies suffer from organic loads and referring to research 
conducted and effects observed. 


6.1 Northern Africa 

In North Africa, the delta lakes in Egypt are influenced by organic pollution to 
various degrees, depending mainly on the discharge rates and the dilution capacity. The 
depths of these water bodies (Nozha Hydrodrome, Lake Mariut, Lake Edku, Lake Brollus 
and Lake Manzalah) range from 1 to 1.5 m. Lake Mariut, which was once a highly 
productive lake, is now considered as the most polluted delta lake, severely affected by 
domestic sewage from the southern part of Alexandria, by industrial wastes from several 
factories constructed close to the northern side of the lake and by agricultural runoff. Next 
in order of pollution is the Nozha Hydrodrome. Because of their considerable size. Lake 
Edku, Lake Brollus and Lake Manzalah show a pollution gradient from regions further away 
from the direct effect of discharges to those near the waste outfalls. 

A considerable part of the allochthonous organic matter in the form of sewage and 
the autochthonous organic substances resulting from the subsequent increase in 
bioproductivity, decomposes, consuming dissolved oxygen and causing deoxygenation of 
the water. The biota, particularly fish, may be asphyxiated. After depletion of dissolved 
oxygen, anaerobic decomposition of organic matter continues (the stagnating water turns 
septic) and decomposition gases are produced. Among them is the toxic hydrogen 
sulphide, which is recognized by its unpleasant smell. Suspended materials deposit on the 
bottom and thus blanket it. This affects the spawning of fish and reduces the numbers 
of bottom fauna, important for the food chain. In Lake Mariut, fisheries have been 
affected since about 30 years. Some fish species have decreased in number or 
disappeared. Tilapia species, relatively unaffected by pollution, now account for about 
80% of the fish production in this lake. 
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Organic pollution of Lake Mariut and its effects have been widely studied by Saad 
(1972, 1972a, 1973, 1974, 1980, 1985a), Saad el aL (1984), Wahby and 
Abdel-Mouniem (1979) and Wahby si sL (1978). Sediments in different delta lakes were 
analyzed by Saad (1978, 1 979, 1 980a, 1980b). Saad (1978a, 1985b) also describes the 
dissolved organic matter content of Lake Edku. Changes in the blood of fish due to 
pollution were found by Saad si aL (1973). 

The Nile in Egypt, being the lower part of the river, contains considerable 
concentrations of organic matter resulting from allochthonous supply (mainly domestic 
wastes) and autochthonous production (Saad, 1980c; Saad and Abbas, 1985). Levels of 
organic matter in Aswan Lake are not so high as to cause pollution in this second largest 
man-made lake in the world. Obviously, part of the organic matter in this lake originates 
from the inflowing Nile water, which receives this matter mainly from discharges of the 
countries upstream. 

The Lake of Tunis suffers much from organic pollution (Stirn, 1967, 1968, 1972, 
1973). In certain areas dissolved oxygen is depleted and hydrogen sulphide is produced 
as a result of anaerobic decomposition of organic matter; the unpleasant odour of this gas 
can be smelled near these septic zones. 


6.2 West and Central Africa 

Of the total population of Cote d'Ivoire, estimated at 7.9 million in mid 1979, about 
1.5 million are concentrated in and around Abidjan. Of these, only about 350 000 are 
serviced by the sewage system discharging into Ebri6 Lagoon. Pag6s and Citeau (1978) 
analyzed the concentrations of faecal coliforms in the central part of the lagoon over a year 
cycle and found several heavily contaminated areas. Environmental degradation is also 
reflected in low concentrations or even absence of oxygen at the bottom, i.e. in Coccody, 
Marcory and Bietry bays and in subsequent changes in the benthos fauna. In fact the 
benthic populations in the bays are now dominated by certain species of oligochaetes, 
considered as indicators of heavy pollution. The area suffers also from industrial 
discharges from light industry. 

In Ghana, Biney (1982) classified all areas of the country according to the BOD level 
into three categories; "unpolluted and recovering from pollution” ( < 4 mg/I), "doubtful and 
poor quality" (4-12 mg/I) and "grossly polluted" 012 mg/I). Of the 16 lagoons 
investigated by Biney (1982), 12 were found polluted in varying degrees; grossly polluted 
are Korle (Accra) and Chemu (near Tema), serving as receptacles of industrial and domestic 
wastes. Lake Barekese, a man-made lake in the Ashanti region of Ghana which is used 
as a water supply reservoir, has been extensively studied (Amuzu, 1973, 1975). 

In Mali most of the activities depend on the Niger and its tributaries. According to 
the information obtained by Calamari (1985), pollution problems are not too critical and 
could easily be managed; most of the wastes consist of oxidizable matter. 

In Cameroon, several mass mortalities were recorded in partially-managed river 
areas near Bafussam, caused by oxygen depletion due to the large organic load (Calamari, 
1985). 
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Except for a few regions, in Nigeria urban areas do not have any central sewerage 
system or sanitary excreta disposal system. The waste water from most parts of more 
than 186 urban centres is carried in open drains into streams and rivers, a characteristic 
feature of many developing countries (Sridhar gi gL, 1981). According to Calamari (1985), 
analytical data on the lagoon of Lagos (the largest town in Nigeria) do not exist. However, 
this lagoon, once very productive in fish, is now considered as a bad place for fishing 
(Adeyanju, 1 979). Ekundayo (1977) reported that the eutrophication of Lagos Lagoon was 
due primarily to extensive pollution by large quantities of industrial and domestic wastes. 
In Ibadan, the chemical and microbiological characteristics of the waste water flowing in 
open drains has been investigated by Sridhar at aL (1981). These open drains, carrying 
various pollutants, contribute to the pollution of streams, since they travel short distances 
and consequently offer only limited self-purification of the waste water. In densely 
populated areas the waste water showed higher values of turbidity, total and suspended 
solids, oxidizable organic matter, BOD and ammonia nitrogen, with negligible 
concentrations of dissolved oxygen. The waste water finally enters three major streams, 
which could be considered open sewers, with water colour ranging from greyish to black, 
devoid of fish. The water quality in one of these streams can be compared to that of 
partly treated waste water, turbid and with considerable amounts of total and suspended 
solids, oxidizable organic matter, BOD and ammonia nitrogen (Sridhar el sL, 1981). 

The effects of sewage pollution on the distribution and abundance of some 
organisms, including insects, algae and crustaceans have been studied (Oladimeji and 
Wade, 1984). In the anaerobic zones of the study area only a few tolerant invertebrate 
species such as Eristalis and Psychoda were found. The number of organisms increased 
as conditions such as dissolved oxygen concentration and electrical conductivity improved. 
Fishes such as Epiplatys sp. and Barilius niloticus were abundant in areas with high 
dissolved oxygen concentrations. 

According to Beecroft el aL (1987) and Awanda (1987), the bulk of the organic 
load discharged into the Kaduna River comes from the breweries (NBL and IBBI). Waste 
water discharge from these sources originates from liquors extracted from grains and yeast 
and have the characteristic smell of malt. They are slightly acidic (pH 5-6), with high 
particulate and soluble organic content. Effluents from the textile industries have been 
shown to contain fibres, toxic organic chemicals and heavy metals. The phytoplankton 
density is lower in points of the Kaduna receiving heavy loads of organic pollutants. The 
lower number of species of flora and fauna below the Kakuri drain, which carries the 
effluents from the textile mills and breweries to the river, are attributable to organic 
pollution. Awanda (1987) noted that the higher density of certain dominant groups of 
chironomid (midge) larvae and nematodes at some of these heavily polluted points may be 
an indication that only these species, tolerant of low dissolved concentrations, are able to 
survive. 


6.3 Eastern Africa 

East African inland water systems have undergone successive changes since the 
mid-fifties due to intensive selective fisheries, modification of the drainage area, invasion 
by introduced species and the increasing physico-chemical changes in the environment. 
In Kenya, organic pollution and eutrophication of inland waters is to be attributed to the 
increase in population, urban and industrial activities and agricultural production (Kallquist 
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and Meadows, 1977; Meadows, 1980; Alabaster, 1981; Ochumba, 1985). Indicative of 
the deterioration of water quality in Lake Victoria are algal blooms and fish mortality 
(Ochumba, 1987; Ochumba and Kibaara, 1989) and species reduction (Okemwa, 1984; 
Barel £1 aL, 1985). The rift valley lakes (Baringo, Turkana, Naivasha, Nakuru and 
Elementaita) are threatened by receding lake levels due to drought and by industrial and 
riparian agriculture (Meadows, 1978; Harper, 1984). 

The potential problems of organic pollution in Tanzania's inland waters are 
described by Ngoile et aL (1 978), Alkbrant (1979), and McAuslan (1980); main threats to 
Lake Tanganyika are riparian agriculture and oil prospecting. In Burundi, the main concerns 
are the discharge of sewage and industrial wastes to Lake Tanganyika (REGIDESO, 1 980) 
and agricultural inputs to the Rizizi River (Autrique, 1977). Internal overturns in the rift 
valley lakes in Uganda and Ethiopia have been associated with fish kills and algal blooms 
(Burgis, 1 978; Belay and Wood, 1 984) due to nutrient enrichment and oxygen depletion. 
Magasa (1978) concluded that organic pollution in Malawi is centred around Blantyre City 
and the Shire River, which receives agriculture-based wastes. In Zambia, Mumba £1 aL 
(1978) have indicated that water pollution is mainly a problem with the Kafue River due 
to industrial and urban development; fish kills in the river (Kaoma and Salter, 1979) were 
due to excessive levels of nitrogen compounds. 


6.4 Southern Africa 

Marshall reported limnological data for 33 Zimbabwean lakes and used them to 
predict their fish yields. Except for eutrophic lakes such as the Mcllwaine, phosphorus 
was found to be the major limiting nutrient. 

Since the early sixties, several algal blooms occurred in Lake Mcllwaine due to 
nutrient enrichment through urban discharges from the town of Harare. Measures had 
been taken to reduce eutrophication, e.g. some of the effluents were used to fertilize the 
farmland around the town, particularly during the rainy season. However, such measures 
were considered insufficient (Wells, 1975). 

A review of the more recent situation of this lake is given by Thornton (1981) with 
a self explanatory title, 'Lake Mcllwaine: an ecological disaster averted'. He describes the 
recovery of the lake after severe measures had been taken to reduce the total load of 
nutrients. In the same area, Harare region, Thornton and Nduku (1982) showed that 
drainage waters from heavily urbanized areas had nutrient contents two to twenty times 
higher than waters from forest and savannah areas. 


7. CONTROL OF ORGANIC POLLUTION 

The above review of effects of organic pollution on inland waters evidences the 
need for control of this type of pollution, which is best achieved by control at its source. 
As many sources of organic pollution are at the same time generating other pollutants, 
their control resolves a number of pollution problems. 

Although organic matter is the most important source of African inland water 
pollution, discharges of limited quantities of organic pollutants are unlikely to have harmful 
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effects on large lakes or even small water bodies. In fact, each environment has the 
capacity to accommodate limited, quantifiable loads of pollutants, defined as 
Environmental Capacity (GESAMP, 1 986). Furthermore, large amounts of organic wastes 
can be controlled by the introduction of more economical technologies which may even 
facilitate constructive use of the nutrients. However, not only primary consequences but 
also processes of secondary organic pollution have to be kept under control as they may 
lead to irreversible damage of the ecosystems. 

Legal, administrative and technical measures are necessary to reduce or eliminate 
the undesirable effects of organic loads, e.g. unacceptable physical, chemical and 
biological changes in the receiving inland waters. Consequently, multi-disciplinary team 
work is needed for water pollution control. 

At national level control of aquatic pollution is achieved by: 

(i) formulation of national policy for pollution control; 

(ii) enactment of appropriate legislation, and 

(iii) establishment of appropriate institutional arrangements (administrative and 

technical) for monitoring, implementing and regulating pollution control. 

Alabaster (1981) and Calamari (1985) reviewed the existing situation in eleven 
countries in Eastern, Western and Central Africa. According to Alabaster (1981), water 
pollution control legislation has evolved rapidly in several countries but is still under review 
in others. In a few cases environmental legislation is already being used effectively for 
pollution control. 

It is hoped that each African country will achieve its own environmental legislation 
in the near future, taking into consideration the experience of developed countries in order 
to avoid the mistakes made there. It is important that such legislation includes 
requirements for environmental impact assessment, a process for incorporating 
environmental considerations into all development activities already at the planning stage. 
Also, legislation must provide mechanisms for the enforcement of aquatic pollution control 
laws, ideally with the support of local and provincial offices. 

Monitoring systems have to be established to check on the health of the aquatic 
environments and the effects of large loads of organic wastes on the biota, especially the 
commercially important species. In African countries, the steps indicated below are 
proposed for a monitoring programme. 

A survey should be carried out to identify the principal pollution sources. According 
to Calamari (1985), a register of point sources has been completed or is at an advance 
stage of preparation in the five countries he visited in West and Central Africa. For each 
water body, calculations are made of the BOD and other water quality characteristics of 
the organic wastes, discharged untreated or from municipal and industrial treatment plants. 
The organic loads of the receiving waters should also be investigated, taking into 
consideration seasonal changes of runoff and biological activities. 
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A map of the receiving waters based on the survey is then prepared, showing for 
each water body the organic pollution load in BOD and its different sources, as well as the 
number of treatment plants for domestic and industrial wastes. On the basis of this map, 
certain areas in which organic pollution is serious can be selected. Special attention should 
be given to these areas, and the different compartments (water, sediments and organisms) 
should be monitored over a suitable period (one to two years). 

Biological monitoring uses living organisms as sensors for environmental quality; 
species composition and diversity, as well as population density, normally decrease with 
lowering of the water quality. Methodology comprises sample collection and processing, 
identification and counting of aquatic organisms as well as biomass measurements. Since 
sample collection and observations are performed in the field and analyses are carried out 
in the laboratory, research stations are needed, preferably near the polluted areas. 

The results obtained from the selected heavily polluted areas are useful for the 
design of a continuous monitoring programme, which could cover all polluted inland waters 
in a country. Such large-scale monitoring activities necessitate a number of suitable 
laboratories in well-equipped research institutes and fishery departments, as well as a 
sufficient number of trained technical and scientific personnel. In some African countries 
water pollution laboratories do exist, but with insufficient means. Therefore, improvement 
of the equipment and structure of the existing laboratories, as well as the establishment 
of new laboratories, is highly recommended. 


8. CONCLUSIONS 

Pollution from organic matter and nutrients is of considerable importance in African 
inland waters and fisheries. Remedial actions should be undertaken. 

A lot of information is still missing, and specific research programmes at national 
and regional level are needed; this entails the need for a network of adequately 
equipped laboratories. 

Exchange of data and experience between African countries concerning organic 
pollution and its control is necessary, in particular on self-purification processes 
under African climatic conditions and on waste treatment processes for domestic 
and industrial organic wastes appropriate for Africa. 

An increase in the number of experts on the subject and intensification of training 
and education are called for. 
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1. INTRODUCTION 

In natural aquatic ecosystems, metals occur in low concentrations, normally at the 
nanogram to microgram per litre level. In recent times, however, the occurrence of metal 
contaminants' especially the heavy metals in excess of natural loads, has become a 
problem of increasing concern. This situation has arisen as a result of the rapid growth 
of population, increased urbanisation, expansion of industrial activities, exploration and 
exploitation of natural resources, extension of irrigation and other modern agricultural 
practices as well as the lack of environmental regulations. 

At the global level the scientific community has investigated some of these 
problems and the results have been published in several reviews and books (Nriagu, 1 989; 
Forstner and Wittmann, 1981; Salomons and Forstner, 1984). Most of the present 
introductory material is based on these sources. 

Unlike other pollutants like petroleum hydrocarbons and litter which may visibly 
build up in the environment, trace metals may accumulate, unnoticed, to toxic levels. 
Thus problems associated with trace metal contamination were first highlighted in the 
industrially advanced countries because of their larger industrial discharges and especially 
by incidents of mercury and cadmium pollution in Sweden and Japan (Kurland ej aL, 1960; 
Nitta, 1972; Goldberg, 1976). In spite of the relatively low level of industrial activity in 
less developed regions such as Africa, there is nevertheless growing awareness of the 
need for rational management of aquatic resources including control of waste discharges 
into the environment. This becomes even more important in view of the expected 
increases in industrial and urban activities in all parts of the continent. 

Existing information on various environmental problems has been reviewed by 
Dejoux (1988) in a monograph of pollution in African inland waters and by Phillips (1991 ) 
on a worldwide basis on tropical marine ecosystems. These publications showed that the 
existing information on Africa is scattered and scarce, and therefore demonstrated the 
need for a more precise and specific review of the occurrence of trace heavy metals in 
various aquatic environmental compartments in the continent. 

For effective water pollution control and management there is a need for a clear 
understanding of the inputs (loads), distribution and fate of contaminants, including trace 
metals from land-based sources into aquatic ecosystems. In particular, the quantities and 
qualities need to be considered together with the distribution pathways and fate and the 
effects on biota. 
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The need to make an assessment of the level of heavy metal contamination in the 
African environment has led to the initiation of several pollution monitoring programmes 
and research work in various universities and scientific institutions in the region. The most 
relevant programmes are the Mediterranean pollution monitoring programme (MEDPOL) 
covering also North Africa, the West and Central Africa marine pollution and research 
programme (WACAF 2) and the Eastern Africa marine pollution and research programme 
(EAF/6). 

During the last decade, there have also been considerable improvements in the 
sampling and analytical techniques for trace metals. These, coupled with international 
intercomparison exercises, have facilitated the generation of more reliable data. The 
present paper thus attempts to compile and analyze the available information on the 
occurrence of trace metals in both freshwater and marine ecosystems of Africa as a 
contribution towards the formulation of rational management policies for aquatic resources 
in the continent. 

The decision to review freshwater and marine data jointly is a result of the need to 
have a holistic approach that could influence future control strategies. 


2. SOURCES OF TRACE METALS 

Trace metals enter the aquatic environment from both natural and anthropogenic 
sources. Entry may be as a result of direct discharges into both freshwater and marine 
ecosystems or through indirect routes such as dry and wet deposition and land runoff. 
Important natural sources are volcanic activity, continental weathering and forest fires. 
The contribution from volcanoes may occur as large but sporadic emissions due to 
explosive volcanic activity or as other low continuous emissions, including geothermal 
activity and magma degassing (Zoller, 1 984). The major sources of atmospheric mercury, 
for example, are land and ocean degassing (GESAMP, 1988). In view of the toxic nature 
of the trace heavy metals, the knowledge of their sources and fate in the environment is 
important. 

The anthropogenic sources include: 

(i) Mining effluents 

(ii) Industrial effluents 

(iii) Domestic effluents and urban storm-water run off 

(iv) Leaching of metals from garbage and solid wastes dump 

(v) Metal inputs from rural areas, e.g. metals contained in pesticides 

(vi) Atmospheric sources, e.g. burning of fossil fuels, incineration of wastes and 

industrial emissions 

(vii) Petroleum industry activities. 

Table I presents examples of potential sources for metals in the environment. 

In some African countries, mining activities are important sources of heavy metal 
input to the environment, for example mercury in Algeria, arsenic in Namibia and South 
Africa, tin in Nigeria and Zaire, and copper in Zambia. 
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T able I 

Industrial and agricultural source for metals in the environment 


Use 

Metal 

Batteries and other 


electricals 

Cd. Hg, Pb, Zn, Mn, Ni, 

Pigments and paints 

Ti, Cd, Hg, Pb, Zn, Mn, Sn, Cr, Al, As, Cu, Fe 

Alloys and solders 

Cd, As, Pb, Zn, Mn, Sn, Ni, Cu 

Biocides (pesticides. 


herbicides, preservations) 

As, Hg, Pb, Cu, Sn, Zn, Mn 

Catalysts 

Ni. Hg, Pb, Cu, Sn 

Glass 

As, Sn, Mn 

Fertilizers 

Cd, Hg, Pb, Al, As, Cr, Cu, Mn, Ni. Zn 

Plastics 

Cd, Sn, Pb 

Dental and cosmetics 

Sn. Hg 

Textile 

Cr, Fe, Al 

Refineries 

Ni. V, Pb, Fe, Mn, Zn 

Fuel 

Ni, Hg, Cu, Fe, Mn. Pb, Cd 


For most trace metals, anthropogenic emissions are more than or equal to natural 
emissions. The combustion of leaded petrol in automobiles, for instance, is responsible 
for the widespread distribution of lead in the world. For mercury, however, several reports 
(Hutchinson and Meema, 1987; GESAMP, 1988) suggest that natural emissions are 
quantitatively more important than anthropogenic sources. 

From the above considerations the compilation of an inventory of the sources and 
the quantification of the heavy metal loads appear to be important tasks to be 
accomplished. Obviously, this exercise should be carried out on a country-by-country 
basis, with the ultimate goal of a regional and continental overview of the problem. 

Metal concentrations in industrial effluents and landfill leachate in African countries 
are shown in Table II. 


3. DISTRIBUTION PATHWAYS AND FATE OF HEAVY METALS IN THE AQUATIC 

ENVIRONMENT 

Once in the aquatic environment, metals are partitioned among the various aquatic 
environmental compartments (water, suspended solids, sediments and biota). The metals 
in the aquatic environment may occur in dissolved, particulate and complexed form. 

The main processes governing distribution and partition are dilution, advection, 
dispersion, sedimentation, and adsorption/desorption. Nonetheless, some chemical 
processes could also occur. Thus speciation under the various soluble forms is regulated 
by the instability constants of the various complexes and by the physico-chemical 
properties of the water (pH, dissolved ions, Eh and temperature). 
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Table II 

Mean metal concentrations in some industrial effluents and landfill leachates (j/g/ml) 
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Adsorption could be the first step in the ultimate removal of metals from water. 
In the course of distribution, permanent or temporary storage of metals takes place in the 
sediments of both freshwater and marine environments. Microbial activity and redox 
processes may change the properties of sediments and affect the composition of 
interstitial water. As a result, iron and manganese oxides may be converted to carbonates 
or sulphides, leading to a decrease in the adsorption capacity of the sediments. Reworking 
of the sediments by organisms will also bring sediments to the surface, where a significant 
fraction of the metal will be released. 

Many transformations of heavy metals in aquatic environments occur as 
biochemically mediated reduction, methylation, demethylation and oxidation of single metal 
species. Redox reactions may also facilitate some transformations. The biochemical 
processes are carried out by microorganisms and algae. According to Jernelov (1975), 
methylation of mercury takes place when microorganisms, while consuming organic 
substances, happen to come into contact with mercury ions. This may also be true for As, 
Sn and Pb. 

Heavy metals are taken up by both fauna and flora. This uptake could provoke an 
increase in the concentration of the metal in the organism; if the excretion phase is slow, 
this can lead to the bioaccumulation phenomenon. A few metals such as mercury have 
been shown to undergo biomagnification through the food chain. 


4. EFFECTS OF AND QUALITY CRITERIA FOR METALS 

Some heavy metals such as Zn, Cu, Mn and Fe are essential for the growth and 
well-being of living organisms including man. However, they are likely to show toxic 
effects when organisms are exposed to levels higher than normally required. Other 
elements such as Pb, Hg and Cd are not essential for metabolic activities and exhibit toxic 
properties. 

Metal contamination of the aquatic environment may lead to deleterious effects 
from localised inputs which may be acutely or chronically toxic to aquatic life within the 
affected area. Most published data on the effects of metals on aquatic organisms, 
however, report adverse effects at concentrations higher than usually found in the 
environment (GESAMP, 1985; 1988). 

Metals may be taken up in the inorganic or organic form. For some elements, such 
as arsenic and copper, the inorganic form is the most toxic. For others, such as Hg, Sn 
and Pb, the organic forms are the most toxic. At low concentrations many heavy metals, 
including Hg, Cd, Pb. As and Cu, inhibit photosynthesis and phytoplankton growth. 
Effects at higher trophic levels include delayed embryonic development, malformation and 
reduced growth of adults of fish, molluscs and crustaceans. 

In the last two decades, many investigations have been conducted on the toxicity 
of metals the results of which have formed the basis for the formulation of water quality 
criteria for aquatic life by several international and national organizations. 
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For example, the European Inland Fisheries Advisory Commission (EIFAC) of the 
Food and Agriculture Organization (FAO) gave the following definition for water quality 
criteria to protect fisheries: 

"Water quality criteria for freshwater fish should ideally permit all stages in the life 
cycle to be successfully completed, and in addition, should not produce conditions in a 
river water which would either taint the flesh of the fish or cause them to avoid a stretch 
of river where they would otherwise be present, or give rise to accumulation of deleterious 
substances in fish to such a degree that they are potentially harmful when consumed. 
Indirect factors like those affecting fish-food organisms must also be considered, should 
they prove to be important". A number of water quality criteria have been produced by 
EIFAC (Alabaster and Lloyd, 1982; Howells, 19941. 

The major routes of heavy metal uptake by man are food, water and air. For 
example, aquatic fauna, especially fish, are the most important source of mercury and 
arsenic for human beings. 

Many publications exist on the effects of heavy metals in humans, and reviews 
have also been prepared on these subjects by the International Programme on Chemical 
Safety of the World Health Organization (IPCS/WHO) and disseminated through the 
Environmental Health Criteria publication series. 

The WHO has also produced water quality criteria for drinking water for several 
chemicals including most of the heavy metals (WHO, 1984) while FAO has made a 
compilation of legal limits for hazardous substances in fish and fishery products with 
particular reference to heavy metals (Nauen, 1983; FAO, 1989). 


5. METHODS OF ANALYSIS 

Several methods have been used to determine trace elements in environmental 
matrices. In early studies, gravimetric, volumetric and colorimetric techniques were 
employed. The more common colorimetric method involved formation of soluble metal 
complexes, chelates, with such organic compounds as dithizone, o-phenanthroline and 
ammonium pyrolidine dithiocarbamate (APDC). Modern methods such as anodic stripping 
voltametry (ASV) and the use of ion-selective electrodes (ISE) are based on electrochemical 
principles. 

Other methods employ nuclear related techniques. These include proton-induced 
X-ray emission (PIXE), instrumental neutron activation analysis (INAA), X-ray fluorescence 
(XRF) and inductively coupled plasma mass spectrometry (ICP-MS). Most of these 
methods are however very expensive, and only a few recent studies in Africa (Kakulu 
el aL. 1 987; Akoto Bamford el aL, 1 990; Onwumere and Oladimeji, 1 990) have reported 
using them. 

Also in Africa, by far the most common method for the determination of heavy 
metals is atomic absorption spectrophotometry (AAS). It has the advantage of speed, 
sensitivity, simplicity and ability to analyze complex mixtures without prior separation. For 
most of the heavy metals the basic technique involves flame atomization, while for some 
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of them at very low concentrations the graphite-furnace technique involving electrothermal 
atomization is used. Vapour-generation methods may be used for a few metals such as 
As, Se, and Sb, whereas mercury is analyzed by the cold vapour technique. 


6. SELECTED AFRICAN EXPERIENCES 

In the following section, selected African experiences have been summarized. 
These refer to research conducted on distribution of metals in various environmental com- 
partments and illustrate situations in which water bodies are influenced by metal loads. 


6.1 Northern Africa 

Heavy metals and pesticides in Northern African waters were studied more recently 
than other chemical parameters. The compartments water and sediments, as well as 
selected biota of inland water bodies and coastal marine areas, have been investigated. 
Of the different matrices, sediments have been more analyzed because they can present 
a clearer indication of metal inputs and accumulation in aquatic environments. 

Studies of heavy metals in Northern Africa have been concentrating on Egyptian 
inland waters and coastal zones, particularly on the river Nile and its two branches 
(Rosetta and Damietta), as well as on the delta lagoons. However, many studies have 
been conducted within the framework of the 1 975 Action Plan for the protection of the 
Mediterranean and have therefore focused on the coastal zones. Advanced investigations 
on the dynamics and speciations of trace metals are also being conducted in different 
Egyptian inland and coastal marine waters. 

Bernhard and Renzoni (1977) differentiated between natural and anthropogenic 
sources of mercury pollution in the Mediterranean by reviewing concentrations in pelagic 
fishes and benthic organisms, as well as sediments. 

Toma et aL (1981) investigated the distribution of adsorbed metals on the fine 
fraction of the sediments of the western part of the Nile continental shelf (offshore, near 
shore and river environments). The authors concluded that abundance of metals occurred 
in the order Fe > Mn > Zn > Cu, and their distribution was identical with the pattern of 
sediment transport. High concentrations of metals were recorded at certain localities and 
some of them, reaching potentially toxic levels for aquatic organisms, were attributed to 
contaminated drainage waters. The occurrence of some heavy metals in the sediments 
of Abu-Kir Bay of the Mediterranean Sea was studied by Saad el aL (1981b). The metals 
(Cu, Cd, Zn, Fe and Mn) showed a pattern of distribution similar to that of the mud and 
organic matter content of the sediments. The effects of industrial effluents were found 
to be restricted to sediments in the vicinity of their discharge. 

Studies on the surface sediments of El-Mex region of the Mediterranean in front of 
Alexandria (Saad et aL. 1981) revealed two zones, one of which showed high 
concentrations of Mn, Cu, Cd, Zn and Fe, as a result of discharges of industrial effluents. 
Their findings also suggested incorporation of similar proportions of Fe and Mn into the 
sediments and the co-precipitation of Cu and Zn by iron oxides. 
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The occurrence and distribution of metals in the water of the heavily polluted Lake 
Mariut in Egypt, and their accumulation in the different parts of a common fish ( Tilapia sp.) 
in this lake were investigated by Saad gl aL (1 98 1 a). Variations in the concentrations of 
metals (Zn, Cu, Fe, Mn and Cd) in the lake water were mostly attributed to variations in 
the discharge rates of the dumped wastes. The levels of these metals in fish were much 
higher than those in water. 

The seasonal distribution of dissolved and particulate heavy metals in the water 
column of the Damietta branch of the river Nile was studied by Fahmy (1981). El-Rayis 
and Saad (1985) estimated the contribution of trace metals from the river Nile to the 
eastern Mediterranean by determining the concentrations of dissolved metals in the surface 
and subsurface water along the Rosetta branch. The relative abundance was Zn > Fe > 
Cu > Mn > Cd. 

Saad and Fahmy (1985) studied the occurrence of trace metals in surficial 
sediments from the Damietta estuary of the Nile and concluded that the eastern side of the 
estuary was exposed to more pollution than the western side. Also, areas of maximum 
averages of Cu, Zn and Cd coincided with the discharge sites of sewage wastes. 

Metal enrichment in surficial sediments of three shallow Nile delta lakes (Lake 
Mariut, Nozha Hydrodrome and Lake Manzalah) was evaluated using Fe/metal ratios by 
Saad et aL (1 985). A further study on heavy metals in water, sediments and fish of Lake 
Mariut was made by Saad (1985). The results revealed the existence of a direct 
relationship between the levels of metals in the lake water and in the different fish parts. 
The metal concentrations in the lake water were markedly lower than those in fish and the 
levels, excluding cadmium, in the lake sediments were considerably higher than those in 
fish. Analyses of sediments, aquatic plants and water from the river Nile and its branches 
at selected sites characterized by heavy industrialization and dense populations (Fayed and 
Abd El-Shafy, 1985) showed higher concentration factors in sediments than in plants. 

El-Rayis and Saad (1986) studied the levels of heavy metals in a big land-based 
source of contaminated drainage water contributing six million nrvVday to the coastal 
Mediterranean region in front of Alexandria. Another study by El-Rayis and Saad (1986a) 
divided Lake Mariut into two zones, septic and non-septic, after metal analysis of 
suspended matter and water. According to El-Rayis gl aL (1986), copper and zinc were 
found to be concentrated in the sandy sediments of the shallow sides of the Eastern 
Harbour of Alexandria, whereas iron and manganese occurred in the deeper sediments. 

Saad (1987) studied heavy metals in the Nozha Hydrodrome by analyzing water, 
sediments and different parts of Tilapia sp. to gain information on the levels of these 
metals and their possible variations in relation to pollution effects from discharges of 
polluted Nile water into the lake. The results suggested a direct relationship between the 
concentrations in water and in fish. They also illustrated the ability of fish to absorb high 
levels of heavy metals and the ability of lake sediments to accumulate these metals. El 
Rafei gl sL (1987) quantified the levels of trace metals in waste waters discharged into 
the river Nile from some industries near Cairo. El-Nabawi gl aL (1 987) determined metal 
concentrations in fish from Lake Mariut, Lake Edku and Abu-Kir Bay and found the highest 
levels in Sphyraena sphyraena from this bay. Moharram gl aL (1987) estimated the levels 
of total, organic, inorganic mercury, total selenium and the interaction between both 
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metals in Mugil cephalus. A strong correlation was reported between fish length and each 
of these variables. 

Data on trace metals in the Red Sea are scanty. Saad and Kandeel (1988) 
investigated the distribution of Cu. Fe and Mn in the coastal Red Sea waters in front of Al- 
Ghardaqa. The different patterns of seasonal distribution and the irregular variations of 
these metals were discussed. 

Heavy metal pollution in Lake Mariut has been further investigated by El-Rayis and 
Saad (1990), based on the distribution of Cu, Zn, Fe and Mn in water, suspended matter 
and sediments. The contribution of metals from this lagoon to the Mediterranean Sea via 
Umum Drain (contaminated land-based source) was also estimated. 


6.2 West and Central Africa 

Studies on the occurrence and distribution of metals in Nigeria have been conducted 
on all the major environmental matrices (water, sediment, fauna and flora) but again with 
more emphasis on sediments. 

Statistical treatment of the results of metal analyses of 176 stream sediment 
samples from the Ife-llesha area (1800 km 2 ) of southern Nigeria (Ajayi, 1981 ) showed that 
all the elements have density distribution close to natural background levels. Ojo (1988) 
also used various statistical methods for the interpretation of the geochemical data 
obtained from analyses of Cu, Pb, Zn, Co, Ni, Fe, Mg, Mn and Ca in 374 stream sediment 
samples collected over an area of 700 km 2 within the upper Benue Trough (Nigeria) and 
concluded that these elements exhibit various patterns of association depending on their 
nature and prevailing environmental conditions. Other studies in the area (Kakulu and 
Osibanjo, 1988, 1992) revealed elevated levels of Pb, Cr, Ni, V and Zn in Port Harcourt 
and Warri sediments which suggest that effluents from petroleum refineries located in 
these cities have contributed significantly to the heavy metal pollution of the respective 
aquatic ecosystems. 

Okoye gi aL (1 99 1 > reported anthropogenic heavy metal enrichment of Cd, Co, Cu, 
Cr, Fe. Mn, Ni, Pb and Zn in the Lagos lagoon and implicated land based urban and 
industrial wastes sources. 

Pollution studies on 26 rivers in some southern and northern states of Nigeria (Ajayi 
and Osibanjo, 1981), on rivers in the Niger Delta (Kakulu and Osibanjo, 1992), on the 
cocoa growing area of Ondo State in South West Nigeria (Ogunlowo, 1991) and the Lagos 
waters (Okoye, 1991a) showed that, with the exception of iron, the concentrations of 
most trace metals in the surface waters are generally lower than the global average levels 
for surface waters and the international drinking water standards. 

Ndiokwere and Guinn (1983) determined As, Cd, Cr, Hg, Mn, Mo, Ni, Se and Sb 
in two Nigerian rivers and two harbours and attributed high metal concentrations to local 
pollution sources. In their studies of streams and lakes around Ibadan, Mombeshora et al. 
(1983) reported much higher levels of lead in sediments than in water. The highest levels 
of lead coincided with areas of high traffic density. 
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Analyses of sediments and fish from the Niger delta area of Nigeria (Kakulu and 
Osibanjo, 1 986) revealed that the area was relatively unpolluted with mercury compared 
to some European areas (Mediterranean, Baltic Sea and North-East Atlantic). Reports from 
the same area (Kakulu el ah. 1987a) indicated that the levels of Cd, Cu, Fe, Mn, Pb, and 
Zn were higher in shellfish than in finfish. With the exception of the lead levels in some 
shellfish, levels of these metals were generally lower than the WHO recommended limits 
in foods. Concern about the high levels of lead in Lagos lagoon fish has also been 
expressed (Okoye, 1991). 

Other Nigerian studies include that of Sridhar (1988) who analyzed the aquatic plant 
Pistia stratiotes and showed that the shoot system accumulated more K, Ca, and Mg, 
whereas the roots accumulated significantly more Cd, Cr, Co, Fe, Pb, Hg, Na, and Zn. 

Onwumere and Oladimeji (1990) reported that Oreochromis nilotica exposed to 
treated petroleum refinery effluents accumulated trace metals in the order Pb > Cu > Zn 
> Mn > Cr > Ni > Cd. 

In other parts of West Africa, the concentrations of major and minor ions, including 
Cu, Mn and Fe in river Jong, Sierra Leone, was determined by Wright (1982), who found 
a clear relationship between metal concentrations and seasonal variations in rainfall. 

In Ghana, one of the earliest studies (Amasa, 1975) examined various matrices, 
including drinking water, from the Obuasi gold mining area and found that arsenic 
concentrations occurred above normal values. A more recent study (Akoto Bamford et al. . 
1990) in which heavy metal pollution from gold mining activities was assessed by 
analyzing gold ore, tailings, sediments and water for Cr, Mn, Fe, Cu, Zn, As, Pb, Rb, Sr, 
Y, Zr and Nb, revealed the presence of all the elements in sediments within a concentration 
range of 0.08 to 49 000 //g/g, whereas only iron and zinc were detected in water at levels 
of 0.08-2.4 0/g/ml). 

Total mercury concentrations in commercial fish from different coastal sites of 
Ghana have been determined by Ntow and Khwaja (1989) who concluded that all values 
were well below the 0.5 /yg/g action level adopted in many countries. Biney and Beeko 
(1991) conducted a survey of metals in fish and sediments from the River Wiwi in Kumasi 
and found a positive correlation between mercury concentration and body weight of fish. 
They also reported higher levels of cadmium and mercury in fish than in sediment. Studies 
on the distribution of Hg, Cd, Pb, Cu, Zn and Fe in water, finfish and shellfish, macro- 
phytes and sediments from Kpong headpond and lower Volta river (Biney, 1991) showed 
the highest concentration of iron and lead in sediments and of manganese and cadmium 
in macrophytes. Finfish had the lowest concentrations of the metals, except for lead. 

Pelig Ba et al. (1991) assessed the level of contamination of drinkable ground-water 
from the Accra plains and upper regions of Ghana and found that in some areas Pb. Cr and 
Fe concentrations exceeded the WHO guideline limits for drinking water. 

In C6te d'Ivoire Marchand and Martin (1985) and Kouadio and Trefry (1987) have 
studied sediments of the Ebri6 Lagoon and reported metal concentrations in excess of 
background levels, this was attributed to the disposal of untreated sewage and industrial 
effluents. 
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A comparative study by Mdtongo (1991) of Cd, Cu, Hg and Zn in samples of 
oysters ( Crassostrea gasar) from urban and rural lagoon areas of C6te d'Ivoire revealed 
higher but background levels of the metals in the urban area. Likewise, other studies of 
heavy metals in Callinectes amnicola (Mdtongo and Sankard, 1990) and in Thunnus 
albacares (Mdtongo and Kouamenan, 1991) gave concentrations lower than internationally 
acceptable limits for seafood. 

In Senegal, analyses by Gras and Mondain (1978) of fish and crustaceans from 
coastal waters revealed lower mercury concentrations than the generally acceptable limits 
(0.5 pg/g). except in swordfish and sharks weighing more than 5 kg. 

Other studies on the occurrence of trace metals have been conducted as part of the 
Joint FAO/IOC/WHO/IAEA/UNEP Project on monitoring of pollution in the marine 
environment of the West and Central African region. Within this framework, 

concentrations in marine biota have been reported for Cameroon (Mbome si aL. 1985; 
Mbome, 1 988), Ghana (Biney, 1 985; Biney and Ameyibor, 1989) Cote d'Ivoire (Mdtongo, 
1985, 1988) and Senegal (Ba el aL. 1985; Ba, 1988). On the basis of these studies, 
Portmann gt aL (1989) reviewed the levels of contaminants in the marine environment of 
the region and concluded that there was little input of mercury and other metals into the 
coastal zone from land. 


6.3 Eastern Africa 

Early studies in this region focused on Lake Nakuru in Kenya, one of a number of 
soda lakes in the Great Rift Valley which was made a national park in 1 986 because of its 
world-famous flamingo population. 

In an attempt to produce baseline information for monitoring pollution, Koeman 
61 aL (1972) determined As, Sb, Cu, Zn, Cd and Hg in muscle, liver and kidney of birds 
and fish. They concluded that the metal concentrations did not constitute a hazard to the 
biota of Lake Nakuru. Six years later, Greichus 61 aL (1978a) studied water sediment, 
benthos and fish, and reported slightly elevated concentrations as compared to values 
found by Koeman el aL (1972). 

The effect of copper ions on the photosynthetic oxygen production of 
phytoplankton, on the growth rate of blue-green algae (Spirulina platensis ) and on 
populations of rotifers ( Brachionus sp.) in water from Lake Nakuru was experimentally 
investigated by Kallqvist and Meadows (1978). The rotifers were less sensitive to copper 
than algae. Other studies by Lewin (1976) showed that Lake Nakuru water contained 
0.08 mg Cu/1 mainly from pesticide containing run-off from the surrounding agricultural 
lands. This value was thus higher than the critical value of 0.02 mg Cu/1, which may 
significantly reduce algal growth (Kallqvist and Meadows, 1978). Observations by 
Ochumba (pers.comm.) have shown that, during the dry season, flamingos which feed on 
the algae migrate away from the lake. This may negatively affect the tourism industry. 

Earlier studies on sediment, water and biota of the second largest natural lake in the 
world. Lake Victoria (Alala, 1981; Onyari, 1985; Ochieng, 1987) showed no significant 
heavy metal pollution. However, more recent studies in the same area revealed increased 
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lead levels largely due to increased shipping traffic and associated problems, car washing 
and discharges from local industries (Wandiga and Onyari, 1987; Onyari and Wandiga, 
1989). Ochumba (1987) studied physico-chemical parameters, dissolved oxygen and 
heavy metal concentrations in Lake Victoria as the possible causes of periodic fish kills. 
The author attributed the fish kills to dissolved oxygen depletion. 

In other East African areas, copper ion distribution in the surface waters of Lakes 
George and Edward (Idi Amin) in Uganda was studied alongside other chemo-limnological 
parameters (Bugenyi, 1979). Concentrations ranged from 0.07 to 0.13 y/g/ml in Lake 
George and from 0.006 to 0.02 /yg/ml in Lake Edward. A direct relationship was 
established between copper, water hardness, alkalinity and total dissolved solids. Bugenyi 
(1982) studied the occurrence of Cd, Cu and Fe in sediments of the same lakes and 
concluded that the concentrations, although distinct in the different water bodies, did not 
show much variations within each of the lakes. 

Effluent, air and soil samples near a battery factory in Dar-es-Salaam, Tanzania, 
were analyzed for mercury by Semu si gL (1986). The highest levels of contamination 
were associated with the disposal of defective batteries. A preliminary investigation of the 
extent of metal pollution of the Msimbazi river in Dar-es-Salaam. which receives industrial, 
urban and agricultural waste waters, was conducted by analyzing sediments and biological 
indicators (Akhabuhaya and Lodenius, 1988). Metal concentrations were in general low 
but some of the results indicated localised industrial pollution. 

Studies of dissolved metals in the marine environment were conducted by 
Norconsult (1977) concluding that the concentrations for Tudor Creek fell within the 
normal range of unpolluted natural sea water. Oteko (1987) studied the Mombasa Creek 
and suggested crustal sources to be responsible for copper concentrations and increased 
anthropogenic sources from automobile exhausts for cadmium and lead concentrations. 

According to Bryceson el aL (1990) available data on marine contaminants are 
scarce. However, localised hot spots of metal pollution are found in the vicinity of cities 
and industrial centres that may constitute a danger to the public health. Wandiga and 
Onyari (1987) found slightly higher metal concentrations in marine fishes from Mombasa 
when compared to fish from Lake Victoria. The reported concentrations did not pose an 
immediate danger to the fish industry. 

Matthews (1981) found evidence of surprisingly high mercury levels in fish 
(1 .0-2.0 fjglg) and in hair and blood of inhabitants of Seychelles, where fish consumption 
is very high. The sources and pathways of such high mercury levels are a mystery. 


6.4 Southern Africa 

The concentrations and distributions of metals amongst other chemical 
contaminants were investigated by Greichus el gL (1977) in two South African lakes; 
Hartbeespoort dam, which receives industrial and municipal waters from Johannesburg and 
Voelvlei dam, situated in mainly agricultural area. Water, sediment, aquatic plants and 
insects, fish, fish-eating birds and their eggs were analyzed for As, Cd. Cu, Mn, Pb, Zn and 
Hg. The results indicated higher levels in Hartbeespoort dam than in Voelvlei for all metals 
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in sediments and birds, except for copper in bird carcasses. Mercury levels in birds were 
2 to 5-fold greater than in fish, whereas lead values were 2 to 10-fold greater. 

Greichus et aL (1978) investigated metals among other contaminants in Lake 
Mcllwaine, a eutrophic water body near Harare, Zimbabwe. Water, sediment, plankton, 
bottom fauna and fish were analyzed. The data gave intermediate levels of metals 
between those found in Hartbeespoort dam and Vodlvlei dam. 

Watling and Emmerson (1981) identified areas of metal input to the river 
Papenkuils which was considered to be a serious source of pollution to the marine 
environment around Port Elizabeth. In contrast, the estuary of river Swartkops was found 
generally unpolluted on the basis of metal concentration in water, surface sediments and 
sediment cores (Watling and Watling, 1 982). Similar studies also showed that the estuary 
of river Knysna as well as the Bushmans. Kariega, Kowie and Greatfish rivers were 
unpolluted (Watling and Watling, 1982a, 1983). 


7. LEVELS OF HEAVY METALS IN DIFFERENT ENVIRONMENTAL COMPARTMENTS 

In chapter 6 a qualitative presentation of selected African experiences by regions 
has been outlined; in chapter 7 a more detailed discussion will be presented on the 
quantitative aspects based on concentration levels in various environmental compartments. 

In general, studies on the levels and distribution of contaminants including heavy 
metals in Africa have been concentrated in urban and industrial areas. Thus the actual 
background levels in water, sediments and biota may still not be accurately known and this 
fact can also produce bias in the interpretation of the data. 


7.1 Concentrations of metals in water 

Data of dissolved metals in inland water bodies (lakes and rivers) and coastal marine 
zones are presented in Table III. More data are available for inland than for coastal waters. 
As already pointed out, most studies on the levels and distribution of heavy metals in 
Africa have concentrated on urban and industrialized areas. 

Mercury showed the lowest concentrations < 1 .0 //g/l), followed by cadmium 
(0.2-21.0 /yg/l). Iron gave the highest levels in most waters with a considerable wide 
range of variation, from 2.5 y/g/l in the river Nile, Egypt (El-Rayis and Saad, 1985), 
to 1 4,400 //g/l in Shasha stream, Nigeria (Martins, 1978). The other metals are generally 
arranged in the following order of abundance: Mn > Zn > Pb > Cu > As. The levels of 
metals in the coastal waters were markedly lower than those found in most inland waters. 
This reflects the direct influence of pollution on the lakes and rivers. Undoubtedly, the 
very high concentrations of certain metals found in specific waters are a result of acute 
pollution. 
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Table III 

Mean dissolved metal concentrations in inland and coastal waters (ng/ml) 
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Range values 




Table IV 

Mean metal concentrations in inland water sediments (jt/g/g dry weightl 
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7.2 Concentrations of metals in sediments 

On a continental basis, heavy metal inputs into African inland water sediments 
(Table IV) pose no great concern in relation to unpolluted sediments (GESAMP, 1982). 

Most water bodies showed low-to-moderate metal concentrations except for 
Hartbeespoort dam and river Papenkuils in South Africa, the Niger delta in Nigeria and 
lakes George and Edward (Idi Amin) in Uganda. Lakes Nozha, Mariut and Manzalah and 
the river Nile in Egypt as well as lake Mcllwaine in Zimbabwe also showed elevated 
concentrations of some metals which clearly indicate considerable anthropogenic inputs. 

Metal concentrations in inland water sediments thus pose no environmental concern 
for the continent except for the above-mentioned areas which may be considered as hot 
spots within their respective regions. 

Heavy metal concentrations in the African marine and coastal sediments (Table V) 
fell within the ranges given for Hg, Cd, Pb and As by GESAMP (1985, 1988) but higher 
values occurred in some areas. For example, sediments from Lagos lagoon in Nigeria had 
high concentrations of lead and iron while the Ebrid Lagoon in C6te d'Ivoire had high 
mercury, zinc and iron concentrations. The results revealed largely anthropogenic heavy 
metal enrichment implicating urban and industrial runoff into coastal lagoons which have 
poor water exchange (Okoye, 1989; Kouadio and Trefry, 1987). However, data for Egypt 
(Saad el aL, 1981, 1981b) and the Nigerian Atlantic coast (Ndiokwere, 1984) did not 
suggest high contamination of the coastal sediments. 


7.3 Concentration of metals in aquatic fauna 

Heavy metal concentrations in freshwater fish muscle are presented in Table VI. 
Some differences between water bodies were observed with respect to the levels of 
certain elements in finfish. For example, zinc showed relatively higher values in samples 
from Lake Nakuru, Kenya, followed in decreasing order by those from Zimbabwe and 
South Africa, Egypt, Nigeria and Ghana. Likewise, copper concentrations were higher in 
samples from Egypt and lakes Nakuru and Mcllwaine. Although data for iron were scarce, 
the concentration of this element also seemed higher in samples from Egypt. 

However, on the whole, the levels of metals in inland water fish muscle were below 
WHO limits, except for lead in Macrobrachium sp. from the Niger Delta, Nigeria and lower 
Volta River, Ghana. 

Data on heavy metal concentrations in marine finfish and shellfish are summarized 
in Table VII. As for inland waters, the levels in marine organisms were generally below 
WHO limits except for some hot-spots. Cadmium and mercury for example showed the 
same low trends in both fin- and shellfish. In contrast, marine organisms from Nigeria had 
lead levels which exceeded the WHO limit. This may be attributed to a higher state of 
contamination from the use of leaded gasoline. 
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Table V 

Mean metal concentrations in marine sediments U/g/g dry weight) 
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Table VI 

Mean metal concentrations in inland water fish i/jglg fresh weight) 
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Table VII 

Mean metal concentrations in marine fish t/vg/g fresh weight) 


Review of heavy metals 


£ 

ID 

£ 

0i 

CC 

o o 

0 ) <n 

CT> O) 

> r* > <m 

Of 00 05 00 

m 2 oi 

o 00 O 

O0 CD 475 . CD 

2 a . £ '§ m £ S ? 

nj =• ^ c TC 01 ~ 

—| oo a 5 *" n « 3 — *- •" .5 

«w co g 5 \oo oo a »oo o> - oo < 

ssd:?2a-.; SdS 2a ". o' 23 ".™ 

T:®c»Sre.a)tPai ® o 2 . « o o . i «; a 

jowJco.ajcc^i wcoojcp C4>ccc 

«c*-o.t:5>55S »- o ~ > t £ o > £ £ — 

<u 2 xj .o ?c 

uim5£zo55$ a5£o55 5 O 2s S £ 

n 

r*» 

00 

o> 

4 

a 

3 

3 

f0 

c 

fSI 

4.23 

4.55 
4.86 
4.63 

27.5 

5.55 

4 67-40 8 

139 
17 9 
14.9 
240 

40.4 

1205 

628 

407 

213 

1000 

Cu 

1.65 

0.73 

<0.80 

0.46 

11.3 

0.75 

0.36 2.04 

4.68 

6.02 

6.16 

23.6 

9.5 

24.5 

5.80 

8.45 

2.35 

ooe 

s 

0.07 

0.50 

0.36 

2.28 

1.83 

1.22-6.48 

<0.50 

0.82 

5.10 

2.09 

0.08 

o 

iN 

Cd 

0.004 

<0.10 

<0.25 

<0.10 

<0.10 

0.26 

<0.10 

0.04-0.38 

<0.10 

<0.25 

<0.10 

0.18 

<0.10 

0.21 

0.65 

0.17 

0.56 

0.25 

1.62 

2.0 

Of 

I 

0 077 
0 17 
0.1 1 
0064 
0.24 

0.09 

0.06 

0.17 

0.042 

0.033 

0.057 
0 070 

0.125 

0.072 

0.083 

lO 

6 

Location 

FINFISH 
Egypt 
Senegal 
Cdte d'Ivoire 
Ghana 
Ghana 
Nigeria 
Cameroon 
Cameroon 
Kenya* 

SHELLFISH 
Penaeus sp. 
Senegal 
C6te d'Ivoire 
Ghana 
Nigeria 
Cameroon 
Cameroon 
Crassest rea sp. 
Cfite d'Ivoire 
Nigeria 
Cameroon 
Cameroon 
South Africa 

WHO Limits 


51 


Copyrighted material 




Review of heavy metals 

In support of what has been reported in several studies (Hellawell, 1986; Kakuiu 
and Osibanjo, 1986; Kakuiu gi gL. 1987a; Institute of Aquatic Biology, 1990), shellfish 
had higher concentrations of most metals. The highest concentrations of cadmium, copper 
and zinc occurred in Crassostrea sp. which has a great capacity to accumulate 
contaminants and is a biological indicator of pollution. 


7.4 Concentration of Metals in Aquatic Flora 

Aquatic plants have been shown to accumulate heavy metals in their tissues and 
therefore have been used as biological indicators for metal pollution monitoring in the 
aquatic ecosystem. Table VIII shows the distribution of heavy metals in aquatic plants. 
Generally, the levels in aquatic plants from inland waters were higher than in those from 
coastal waters. The variability in the levels of heavy metals in different regions could be 
ascribed to biological variation between the species rather than environmental factors. 
Nonetheless, higher concentrations of cadmium were found in Ceratophyllum from 
industrial areas in Egypt compared to relatively unpolluted areas (Fayed and Abd El-Shafy, 
1985). Furthermore, it is significant that an excessively high value of lead (78.0 A/g /g ) was 
found in blue-green algae from Lake Mcllwaine, Zimbabwe (Greichus gL, 1978) 
compared to the rest of the region. 


7.5 Comparison between metal contents in sediments and biota 

Comparisons between heavy metal concentrations in sediments and biota of 
selected African waters are shown in Table IX. In Egypt all metals except cadmium 
showed higher values in the sediments than in fish (Saad, 1985a, 1987). In Ghana only 
iron and lead followed this pattern, whereas the other metals gave higher values in certain 
flora and fauna (Biney, 1991a). In Kenya the metals accumulated in higher concentrations 
in sediments than in fish (Wandiga and Onyari, 1987). In Southern Africa the same 
pattern occurred with few exception (Greichus gl aL, 1977). The levels of accumulation 
of metals in the different flora and fauna did not follow the same pattern. 


7.6 Comparison between different sub-regions in Africa 

In Tables X and XI are presented the trace metal concentrations in sediments and 
in fish muscle and shellfish from the major African sub-regions. Northern, Western, Eastern 
and Southern Africa. The data presented are ranges of means based on Tables IV and V 
for sediments and Tables VI and VII for fin- and shellfish. Hot-spots, i.e., abnormally high 
concentrations were excluded form the calculations since the objective is to compare 
actual background levels from the different sub-regions in Africa. 

An inspection of Tables X and XI shows inadequacy of data especially for the 
coastal and marine areas. In spite of this, the four regions exhibit comparable 
concentrations of trace metals in both inland and coastal fish and sediment. Mercury for 
example, occurred in finfish within the narrow ranges of 0.01 to 0.053 pglg fresh weight 
for inland fishes and 0.06 to 0.17 for marine fishes. Corresponding values for cadmium 
were 0.004 to 0.19 and 0.004 to 0.36 pg/g fresh weight. 
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Table VIII 

Mean metal concentrations in aquatic plants {//g/g dry weight) 
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Table IX 

Comparison of trace metal concentrations in sediments, fauna and flora (/yg/g dry weight) 
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Table X 

Metal concentrations in sediment from the major African sub regions (//g/g dry weight) 
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Metal concentrations in fish from the major African sub-regions {pg /g fresh weight) 






















Table XII 

Comparison of metal concentrations in sediment from Africa and other areas of the world (//g/g dry weight) 
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Table XIII 

Comparison of metal concentrations in fish from Africa and other areas of the world Wg/g fresh weight) 
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1.21 

(0.11-2.81) 

0.77 

(0.50-4.06) 

0.01 

0.004 1.07 
0.01-0.58 
0.02-0.20 
0.01-0.10 
001-1.10 
ND 0.40 
0.02 1.10 
003-0.40 

Location 

African inland waters 
African coastal waters 
British rivers 
Northern Tyrrhenian Sea 

Finnish lakes 

Northern Indian Ocean 
Bahrain 

Straits of Malacca 

Indonesia 

Gulf of Thailand 

Phillipmes 

Hong Kong 

New Zealand 

Papua New Guinea 
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Where comparable data were available, coastal fishes showed slightly higher 
maximum values of trace metals than inland fishes. This was also true for sediments and 
may be dub to the data originating mainly from coastal lagoons which are normally heavily 
influenced by anthropogenic activities. 


7.7 Comparison of African data with some other areas of the world 

The levels of heavy metals in sediments and finfish from African inland and coastal 
waters are presented alongside data from some other areas of the world in Tables XII and 
XIII. The means and ranges for African waters were calculated from Tables IV and V for 
sediments and Tables VII and VIII for fish, excluding the hot spots. 

Comparison of such data may be difficult since data calculated for the whole 
African region are being judged in relation to selected individual areas and sites of the 
world which may not be representative for their regions. Moreover, different species of 
fish and fractions of sediments were analyzed. Also, information on sex and weight is 
often lacking, and comparison is further complicated by the differences in data 
presentation. For example, analytical results may be presented as means or ranges on a 
dry or wet weight basis. 

The above notwithstanding, the occurrence of trace metals in African aquatic 
systems is not excessive when compared to some other areas of the world. For example, 
mean mercury levels in fish were lower by an order of magnitude compared to values 
reported for mullets in the Tyrrhenian Sea, an area close to naturally occurring mercury 
deposits (Leonzi et ah, 1981). They were, however, similar to levels in other tropical, less 
industrialized areas like Indonesia and Thailand (Gomez el ah, 1990). The maximum 
cadmium concentrations were also low compared to fish from British rivers (Mason, 1 987) 
and from the coast of the Philippines (Gomez gl aL, 1 990), but they were within the same 
range as levels in other areas. 

With the exception of lead, inland and coastal water sediments also had comparable 
or relatively low contents of Hg, Cd, Cu and Zn. Admittedly, these comparisons are based 
on data which exclude hot spots. However, the low occurrence of heavy metals in African 
aquatic environments indicate low inputs of contaminants containing trace metals, 
compared to the more industrialized regions. 


8. CONTROL MEASURES 

In view of the expected increase in industrialization and urbanization in most African 
countries, it is still important to formulate pollution control policies that take into account 
the need to regulate discharges of contaminants into aquatic systems. 

In spite of the actual relatively low inputs of contaminants, there is increasing 
awareness of the need to control waste discharges into the environment. In general, many 
African countries, aware of the possible detrimental effects, have formulated various laws 
to control aquatic pollution, although many of these are not enforced. 
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Since trace metals originate from both domestic and industrial discharges, the 
control of these sources would also serve to control trace metal contamination of the 
environment. In addition to legislation, control measures should include the formulation 
of standards and criteria, effluent treatment, monitoring, environmental training and 
education programmes. These aspects have been treated in detail for African inland in this 
publication on pages 7 ff and 23 ff, respectively, and can equally well apply to coastal 
waters. 

It is also important to add that, as part of the objectives of pollution control, 
emphasis should be placed on the need to minimize waste generation. Industries should 
be encouraged to adopt low- and non-waste technologies (LNWT) at all stages of a 
products life, i.e. raw material extraction, production, use and disposal. For planned and 
proposed industries the achievement of LNWT is possible through the assessment of their 
potential impacts on the environment and through the adoption of clean manufacturing 
processes in the design stage. Environmental auditing which involves self regulation 
should also be encouraged within the business community as part of an overall 
environmental management policy. The advantage here is that self-regulation is frequently 
more effective than reliance on official rules which may not cover every contingency. 


9. CONCLUSIONS 

This review of heavy metals in the African aquatic environment has shown that 
available data originate from only a few areas of the continent, are scattered and may be 
inconsistent in some cases. Besides, depending on the area, more information may exist 
on coastal than on inland areas or vice versa. It is also not possible to establish a trend 
in heavy metal accumulation since data cover only a narrow period of time. There is, 
therefore, a need to generate more data covering the different environmental 
compartments in all the African sub-regions. 

Despite this inadequacy, some conclusions may be drawn from this review. 
Generally, lower concentrations of heavy metals occur in African aquatic systems 
compared to other areas of the world. Concentrations in inland and coastal environments 
exhibit no significant differences and on a continental level, the four geographical areas - 
Northern, Western, Eastern and Southern Africa - have similar low levels. There are 
however some hot-spots, such as lake Mariut, Lagos lagoon, Ebrid lagoon and 
Hartbeespoort dam. 

With the expected increases in urbanization and socio-economic activities, there is 
the need to identify the sources and quantify the discharges of heavy metals into aquatic 
environments on a national basis. It is also important to formulate pollution control 
measures in each country which should cover legislation, standards and criteria, waste 
minimization, effluent treatment, monitoring, training, education and public awareness. 
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by 

0. Osibanjo, C. Blney, D. Calamari, N. Kaba, I.L. Mbome, H. Naeve, 
P.B.O. Ochumba and M.A.H. Saad 


1. INTRODUCTION 

Chlorinated hydrocarbon substances (CLHCs) are synthetic organochlorine 
compounds and include pesticides (e.g. DDT and derivatives, hexachlorocyclohexane 
(HCH), aldrin, dieldrin, heptachlor and endosulfan) as well as some commercial or industrial 
chemicals such as polychlorinated biphenyls (PCBs), dioxins (PCDDs) and hexachloro- 
benzene (HCB). These chemicals are lipophilic with low volatility and low water solubility 
and have been in use in both developed and developing countries for several decades. The 
organochlorine pesticides (OCPs), for example, are deliberately introduced into the 
environment and have played a major role in increasing worldwide food production and 
protecting human health and natural resources, eg DDT and aldrin (Ware, 1 989). The 
industrial chemicals such as PCBs, however, are introduced indirectly into the environment 
(Alford-Stevens, 1986). 

It has been recognised that the persistence and bioaccumulative tendency of these 
substances, their metabolites and residues in the environment make them not to remain 
where they are applied but instead partition between the major environmental 
compartments in accordance with their physico-chemical properties and may thereby 
become transported several kilometres from the point of their original release (Haque and 
Freed, 1975). Such environmental distribution may lead to exposure of living organisms 
including man, that are far removed from intended targets. 

These substances are micro-organic pollutants and are included in the priority list 
of pollutants (Keith and Telliard, 1979) because of their toxicity, ecological effects and 
toxicological hazards (Khan, 1977) including human disaster episodes associated globally 
with their use and accidental release into the environment. The manufacture and use of 
some CLHCs (e.g. DDT and PCBs) have therefore been banned or restricted in the 
developed countries. Nonetheless, the use of these chemicals still thrives in most 
developing countries due to lack of appropriate national regulatory control and their 
relatively low prices, compared to the more expensive alternative, less persistent, 
chemicals. 

Population explosion, rapid urbanisation and industrialisation have increased 
reliance on the use of CLHCs in Africa in agriculture, public and animal health (e.g. DDT) 
and in electric transformers and capacitors (e.g. PCBs) for power generation. Data exist 
on the production and use of these chemicals in the developed countries (WHO/UNEP. 
1990; Miller, 1982), but such data are not readily available in Africa. Nonetheless, 
pesticide usage in Africa is much less compared to India, Europe and North America. For 
example 60,000 tonnes of DDT were produced globally in 1974 with the United States 
of America (USA) consuming about 66% of these (40,000 tonnes) (WHO, 1979). 
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Estimated total global production and use of PCBs is 2 million tonnes (Hansen, 
1987). Balk and Koeman (1984) had reported the following total pesticide consumption 
for 1977: Indonesia 5,400, Thailand 20,600, Gambia 50, C6te d'Ivoire 1 ,030 and Sierra 
Leone 30 tonnes. They also predicted similar growth rates which means that the same 
trends hold for the 1 990s. Although most of the pesticides used in Africa are imported, 
there are a few production facilities in some countries for OCPs, e.g. Nigeria, Senegal. 
South Africa, C6te d'Ivoire and Egypt. It is estimated that about 25,000 tonnes of OCPs 
are in use in the region (see chapter 2). 

Chlorinated hydrocarbons have low solubility in water (e.g. DDT : 1 .2 //g/l). Being 
lipophilic, these substances can be concentrated to harmful levels in the aquatic 
environment through bioaccumulation, biomagnification and biogeochemical processes 
(Edwards, 1977). Consequently, aquatic organisms that are commercially exploited for 
human food may pose a risk to man. Hence the levels of CLHCs in the aquatic 
environment including organisms have been continuously measured in surveillance and 
monitoring programmes in most developed countries (Suzuki §1 aL, 1977; Picer and Picer, 
1979; Wegman and Greve, 1 980; Gayner el aL, 1984; UNEP/WHO, 1988). 

Protection of the aquatic environment and associated resources is included in 
chapters 1 7 and 1 8 of Agenda 21 , the United Nations Programme of Action from the Rio 
Earth Summit, for achieving sustainable development for the rest of this and into the next 
century (United Nations, 1993). It has been estimated that 80% of illness in developing 
countries is attributed to unsafe water supplies (Harries el aL. 1 990). Therefore, national, 
regional and international strategies for implementing Agenda 21 have to be put in place. 
However, the lack of scientific and ecotoxicological data on chemical pollutants, effective 
for the control and prevention of aquatic pollution has been recognised in Africa (see pages 
7 ff of this publication). In particular, the paucity of data on CLCH levels in environmental 
media in the region was highlighted at the Workshop on marine pollution monitoring in 
West and Central African Region, held in Senegal, 1985 (lOC-Unesco, 1985). 

Meaningful development of management policies and regulatory framework for the 
protection of the aquatic environment in the region can only be achieved on the availability 
of reliable and adequate scientific data generated in the region. To this end, various 
coastal and marine pollution monitoring programmes and research studies were initiated 
in the early 1 980s in various universities and research institutes in Africa under the aegis 
of UNEPs Regional Seas Programme. The pertinent programmes are the Mediterranean 
Pollution Research Programme (MEDPOL) in North Africa, the West and Central Africa 
Marine Pollution Research Programme (WACAF 2) and the Eastern Africa Marine Pollution 
Research Programme (EAF/6) respectively. 

As Africa embarks on the transition to sustainable development for the present and 
future generations, this review on levels of chlorinated hydrocarbons in the aquatic 
environment (streams, rivers, lakes, estuaries and coastal waters) including sediments and 
biological organisms complements an earlier review of trace metal levels in the African 
aquatic environment (see pages 32 ff of this publication) aimed at fostering a holistic 
approach towards the formulation of management and regulatory policies on the protection 
of the aquatic environment and its resources in the region. 
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2. SOURCES AND PATHWAYS OF CHLORINATED HYDROCARBONS 

Anthropogenic activities provide the primary point source of chlorinated 
hydrocarbons input into the aquatic environment. The organochlorine pesticides (OCPs) 
enter the aquatic environment mainly by deliberate application or accidentally, while PCBs 
entry into the aquatic environment is indirect and principally accidental. 

Agricultural production of food for the continent's rapidly growing population (3-4% 
annually) and cash crops for economic buoyancy as well as disease vector control 
activities since the 1940s, represent major anthropogenic sources of OCP inputs into the 
aquatic environment. These substances are sometimes applied directly to water bodies 
to control aquatic pests, snails, weeds and mosquito larvae. Misuse of these chemicals 
for killing fish in streams and rivers is also practised. However, the types, quantities and 
usage pattern of OCPs vary across the region. 

About 2500 tonnes of OCPs mostly DDT, toxaphene and endosulfan were used 
annually on cotton plantations in the 1970s in Sudan (Elzorgani gjaL, 1979). More than 
3500 tonnes of DDT were used on cotton plantations in Uganda between 1 965 and 1 972 
(Dejoux, 1988). In C6te d'Ivoire in 1976, about 600 tonnes of lindane were used for 
cocoa and 320 tonnes of DDT were applied on cotton. In 1981, about 350 tonnes of 
lindane, dieldrin, heptachlor and endrin were used for timber protection. In Zimbabwe, 
about 300 tonnes of DDT applied at the rate of 2-3 kg/ha were used in agriculture 
between 1 98 1 and 1 982. In Burkina Faso, in Hounde-D6dougou region, 30 tonnes of DDT 
and 30 tonnes of endosulfan annually were used on cotton. 

In the areas north of the Sahara (Mauritania, Mali, Niger and Sudan), the control of 
desert locusts for several years was by OCPs (dieldrin and lindane). Limited amounts of 
dieldrin were still used during 1986-1988 while presently organophosphates are used 
which are less persistent than the OCPs (FAO, 1988). 

Ground spraying and aerial application of OCPs especially DDT, dieldrin and 
endosulfan to control vectors for human and livestock diseases are also an important 
source of contamination of aquatic ecosystems. Since 1944, DDT had been used largely 
for black fly larvae control (Simuliidae) in many regional programmes in Africa. About 60 
tonnes of DDT were used annually in the continent to control Simuliidae from 1966 to 
1970 (Dejoux, 1988). Tsetse fly control and eradication programmes involving the 
spraying of DDT, dieldrin and endosulfan have taken place in different parts of the region 
over the last 20 to 30 years as well (Dejoux, 1988). 

These applications of OCPs cause the accumulation of their residue in the 
environment of the application area which is of ecological and public health concern. The 
main anthropogenic sources of these substances into the aquatic environment are: 

<■) Deliberate application e.g. spraying of pesticides to eradicate trash fish, and 
control aquatic weeds, snails and insects. 

(ii) Dumping of wastes/containers from public health, agricultural and industrial 
usage. 
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(iii) Domestic and industrial effluents - effluents from pesticide manufacturing 
or formulating industries or industries using CLHCs, e.g. textile factories, 
food industry and thermal power plants. 

(iv) Accidental spillage from agricultural and industrial sites, road and rail 
vehicles and ships. 

(v) Drainage and run-off from treated farm lands, garbage and industrial solid 
wastes dump. 

(vi) Dumping of sewage sludge, municipal and industrial solid wastes. 

(vii) Atmospheric input e.g. in dry deposition and wet precipitation; burning 
or/and incineration of domestic, municipal or industrial solid wastes; 
industrial emissions e.g. through vaporisation of paints, varnishes, lacquers 
etc. 

The relative importance of the foregoing point and non-point sources of pollution 
by CLCHs depends on the aquatic system under consideration (Table I). Spray 
contamination by drift, drainage and agricultural run-off as well as domestic/industrial 
effluents are significant point- and non-point (diffuse) sources of pollution of lakes/ponds, 
streams/rivers and coastal waters/estuaries. For CLHCs, atmospheric input seems to be 
the major source of oceanic pollution compared to land-based sources (GESAMP, 1989). 


Table I 

Relative importance of sources of chlorinated hydrocarbon pollution 
for different aquatic systems (From Edwards, 1977. ° Plenum Press, New York) 



Spraying 

Run-off 

Effluents 

Atmosphere 

Lakes/Ponds 

+ + 

+ + 


+ 

Streams/Rivers 

+ 

+ + 

+ + + 

+ 

Estuaries 

+ 

+ 

+ + 

+ 

Oceans 

- 

+ 

+ 

+ + + 


Co-disposal of industrial, municipal, domestic and medical wastes in open dumps, 
or non-sanitary landfills or open burning is commonly practised. Though these waste 
disposal methods may be cheap and convenient, they are not environmentally safe and 
sound and therefore not acceptable. Leachate from open dumps and landfills (Shuster, 
1976; Arebun, 1990), are therefore recognised also as sources of CLHC pollution of 
surface and ground water. 

A recent report (UNEP/FAO/WHO/IAEA, 1990) indicated that land-based sources 
contribute a total input of organochlorine pesticide estimated at about 90 tonnes/annum 
to the Mediterranean Sea; information for PCB loads is not available. Similar exercises are 
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in progress in the WACAF and EAF sub-regions especially as some CLHCs such as PCBs, 
DDT and dieldrin have become global pollutants due to (a) their volatilisation from the sites 
of application; (b) atmospheric transport and deposition and (c) transport via rivers and 
ocean currents (Eisenreich §1 aL. 1979; Croll, 1991). 


3. FATE OF CLHCs IN THE AQUATIC ENVIRONMENT 

On entry into the aquatic environment through various pathways, these non-polar, 
toxic, semi-volatile and fairly persistent substances may remain within the water body 
unchanged for a period of time, undergo degradation to simpler compounds which may be 
more toxic or/and more persistent than the parent compounds (e.g. DDE, dioxin) or get 
reversibly transferred into the atmosphere by volatilisation. Fig. 1 (Edwards, 1977; Keith, 
1976). 



Fig. 1 Pathways and movement of chlorinated hydrocarbon substances in the aquatic 
environment. (Adapted from Edwards, 1977) 

The ultimate fate of these pollutants including partitioning into various aquatic 
environmental compartments (water, suspended solids, sediments and biota), will depend 
on a number of factors including: concentration, dilution, water solubility, biogeochemical 
processes taking place, adsorption to soils, suspended particulates and sediments, 
lipohilicity, and bioaccumulation in living organisms (Khan, 1977). 

The hydrophobic nature of CLHCs makes their presence in water to be at ultra-trace 
level (ng/l) and their accurate determination difficult. The adsorption of these compounds 
to particulate matter and sediments is an important mechanism for their removal from the 
water column. Consequently, the sediment component of aquatic ecosystems can be 
ultimate sink of CLHCs similar to metals (see pages 32 ff of this publication) and petroleum 
hydrocarbons (Adekambi, 1989); suspended particulates entering slow moving waters 
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such as larger water bodies settle out, and their associated CLHCs are added to the 
existing sediments component. 

Being hydrophobic, CLHCs have a high potential for bioaccumulation in aquatic 
plants, fish and shellfish and undergo bio-magnification along trophic levels (Vandenbroek, 
1979; Osibanjo and Bamgbose, 1990). The bioaccumulation potential of CLHCs can be 
predicted based on the l-octanol/water equilibrium partition coefficient values, i.e. Kow 
values (Karichhoff si aL. 1 979; Mackay, 1 982; Gossett el aL. 1 983 with log Kow values 
ranging from 3.8 to 6.9. The accumulation of these recalcitrant CLHCs in birds and 
mammals feeding on contaminated aquatic biota may occur which can then result in their 
transport over great distances (migratory birds, fish and mammals). 

Air has been recognized as an important medium of long-range transport of these 
substances (GESAMP, 1989). 


4. ECOLOGICAL AND PUBLIC HEALTH IMPACT OF CLHCs IN THE AQUATIC 

ENVIRONMENT 

The organochlorine pesticides (OCPs), e.g. DDT, dieldrin and industrial chemicals 
like PCBs, their metabolites or conversion products have been reported to be ecologically 
harmful and toxic to humans as well. The acute toxicity of OCPs to aquatic organisms has 
been become evident in the past by significant fish kills associated with the accidental 
release of DDT, toxaphene, dieldrin, aldrin and heptachlor into the aquatic environment 
(Eichelberger and Lichtenberg, 1 971 ; Heydorn, 1970). Nowadays, contamination of water 
with these recalcitrant chemicals often results in bioaccumulation in fish and other biota, 
sometimes to biologically active levels. Hence, these chemicals have been suspected to 
be cancer causing agents in fish and other aquatic organisms (GESAMP, 1991). 

Residues of these toxic chemicals found in water, sediments, fish and other aquatic 
biota can pose a risk to aquatic organisms, to predators and to humans. In order to 
minimise health risk from the ingestion of food contaminated with these chemicals, 
environmental protection agencies and public health authorities including WHO have set 
Maximum Residue Levels (MRL) or Maximum Allowed Concentrations (MAC) for CLHCs 
in water, fish and shellfish. (Smeets and Amavis, 1981; Walter and Graham. 1988; 
UNEP/FAO/WHO, 1988) 

Fish eating birds are at risk of population decrease and even of extinction, as a 
consequence of reproductive failures resulting from eating aquatic organisms contaminated 
with these chemicals. This is because CLHCs can cause egg shell thinning or impair the 
process of formation of the egg shell of several species of birds by interfering with the 
deposition of calcium (Trape, 1985; Matthiessen and Roberts, 1982; Koeman et aL, 
1978). 


5. ANALYTICAL METHODS FOR CLHC ANALYSIS IN AQUATIC ENVIRONMENTAL 
SAMPLES 

Chlorinated hydrocarbons are present at parts per trillion level (ng/l) in water 
samples and at parts per billion or parts per million levels (ng/g or /vg/g) in sediments and 
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biota, thereby requiring highly specific, sensitive and reliable analytical methods for 
carrying out such trace and ultra-trace measurements. 

The basic analytical steps involve (Roberts, 1985; Alford-Stevens, 1986): 

(i) Sample collection and preparation; 

(ii) Extraction or removal of the compounds of interest from the sample matrix 
into one that can be analyzed; 

(iii) Clean-up of extracts or enrichment of the concentration relative to that of 
other sample components; 

(iv) Separation or isolation of extracted components; 

(v) Determination (preceded by derivation, if necessary); 

(vi) Identification of positive residues and measurements of compounds of 
interest. 

Since these compounds are non-polar, the use of single solvents, e.g. hexane, 
dichloromethane, or binary mixtures of non-polar and polar solvents (e.g. hexane + 
diethylether; hexane + acetone, hexane + isopropanol, hexane + benzene) is employed 
to extract these compounds from aquatic environmental samples, namely water 
(APHA/AWWA/WPCF, 1985; Kahanovitch and Lahav, 1974; Nwankwoala and Osibanjo, 
1992), sediments (El-Dib and Badway, 1985; Jensen §Jal. 1977; Frank slaL, 1977) and 
fish (Jensen etak. 1972; UNEP/FAO/IOC/IAEA, 1986; Haahti and Perttila. 1988). 

The need for sample extract pre-concentration of CLHCs results from the fact that 
the detection system of the analytical instrument may not have the necessary selectivity, 
sensitivity or freedom from matrix interferences. It also offers analytical isolation as well 
as enrichment factors. 

Most pre-concentration techniques fall into two classes: 

(i) Solvent extraction followed by solvent reduction, or 

(ii) Sorbent trapping with subsequent elution or thermal desorption. 

The Rotary Evaporator and the Kuderna-Danish concentrator with Snyder Column 
have been widely used for solvent reduction (UNEP/FAO/IAEA, 1986; Nwankwoala and 
Osibanjo, 1 992). 

A simple method for sample clean-up after solvent reduction is the use of acid-base 
(Waliszewski and Szymezynski, 1 982; Haahti and Perttila, 1 988) depending on the stability 
of the analytes to this treatment. Another common method of sample clean-up involve the 
use of adsorbents: macro-reticular resins, polyurethane foams, activated carbon, Tenax- 
GC, Silica gel, Florisil, alumina (Keith. 1976, UNEP/FAO/IOC/IAEA, 1986) because of the 
difficulty in separating DDT and metabolites from PCBs (Armour and Burke, 1970). 
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Gas chromatography with electron capture detector (GC-ECD) using single or mixed 
stationary phases on a packed glass column or a single phase on a glass or quartz high 
resolution capillary column, is the major technique used for the determination of 
chlorinated hydrocarbon compounds in environmental samples (Alford-Stevens, 1986; 
UNEP/FAO/IOC/IAEA, 1986; Sarkar and Sen Gupta, 1988; Cairns and Siegmund, 1981). 

In recent years, the use of GC-mass spectrometry (GC-MS) especially in the 
selective ion monitoring mode (SIM) has proffered the most selective and sensitive 
detector for the simultaneous determination and confirmation of CLHCs (Alford-Stevens, 
1986; Roberts, 1985). 

Apart from the dearth of competent experts in trace CLHCs determination in 
environmental samples, the choice of analytical methods for CHLCs in the African region 
has been influenced largely by the restricted availability of materials, apparatus and 
functional modern selective and sensitive equipment, underscored by the desirability of 
obtaining accurate analytical data with reasonable cost-effectiveness. Consequently, most 
of the CLHC determinations in the region have been carried out by packed column gas 
chromatography with 63-Ni electron capture detector. 


6. OVERVIEW OF CHLORINATED HYDROCARBON DISTRIBUTION IN AFRICA 

6.1 North Africa 

Organochlorine pesticides, especially DDT and its derivatives were the first 
generation of chlorinated hydrocarbons to be used for control of agricultural pests and 
human diseases (vector control) in the North African sub-region since the 1950s. 

The River Nile and the main irrigating and drainage canals, ending directly or 
indirectly via coastal lagoons into the Mediterranean Sea, are the main sources of pesticide 
contamination of the Egyptian coast. 

The limited information available in the sub-region is based largely on studies that 
have been carried out since the late 1970s in Egypt on the residual levels of CLHCs in 
different environmental compartments of inland and coastal water bodies. El-Sebae and 
Abu-Elamayem (1979), in one of the earliest studies on the River Nile, the connected 
canals and drainage systems reported the detection at quantifiable levels of lindane, 
heptachlor, o.p '- DDT and p,p'-DDT at concentrations ranging from 100-950 ng/l in all the 
water samples. The relatively low levels of chlorinated insecticides in the Mahmoudiah 
Canal (drinking water source for Alexandria) and the waste water might be due to the 
cessation of use of this group of insecticides in Egypt since 1971 because of their 
persistence. 

Saad et aL ( 1 985) analyzed composite sediment samples taken in 1968 from Lake 
Manzalah and in 1 970 from Lake Mariut and Nozha Hydrodrome for DDT and PCBs. Lake 
Manzalah, the largest of the Nile delta lakes, receives drainage water contaminated with 
pesticides and fertilizers from a much larger agricultural area than Lake Mariut which is 
also polluted by sewage and industrial wastes. The Nozha Hydrodrome was separated 
artificially from Lake Mariut in 1939 and is fed by contaminated Nile water. While Lake 
Mariut and Nozha Hydrodrome showed relatively low levels of total DDT (29.8 and 
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54.1 ng/g respectively). Lake Manzalah was heavily polluted with 877 ng/g. PCB levels 
were 17.8, 21.4 and 71.2 ng/g respectively (Table III). The total DDT/PCB ratio was in 
all three lakes much greater than 1, indicating agricultural inputs of DDT rather than 
industrial discharges as the main source of pollution by organochlorine compounds. 

During 1978/79 Lake Mariut and Nozha Hydrodrome were revisited and analyses 
done for organochlorines in water by Saad et sL (1982) and in sediments by Abu- 
Elamayem ej §L, (1979). The major substances detected in water of Lake Mariut were 
lindane, p.p'- DDE, o,p'-DDT and p,p'-DDT, with mean residue values of 2,091, 4,493, 9 
and 1 34 ng/l, respectively (Table II). Since sediments are sinks for pollutants, much higher 
values were found compared to the levels in water. Mean values reported for the Lake 
Mariut sediments were 89.1 (lindane), 768.0 (p,p'-DDE), 19.3 (o.p'-DDT) and 86.3 
{p.p'- DDT) ng/g dry weight respectively (Table III). Contamination levels in fish were 
34.98 ng/g (lindane), 38.96 ng/g (p,p'-DDE), 17.36 ng/g (p,p'-DDT) and 60.76 ng/g (total 
DDT) (Table IV). In Nozha Hydrodrome, lindane, p.p '- DDE and p,p'-DDT were detected in 
its water and sediments. The mean concentrations of these compounds found in water 
were 1,100 (lindane), 1,540 (p,p'-DDE) and 600 {p.p'- DDT) ng/l. Values for the 
Hydrodrome sediments were 1 19.5 (lindane), 840.4 (p,p'-DDE) and 91.0 (p,p'-DDT) ng/g 
dry weight. 

Saad (1981) reported concentrations of organochlorine pesticides in water, 
sediment and fish in Lake Mariut and the Nozha Hydrodrome for the following two-years 
period (1979-81). The mean concentrations of total DDT (21 ,440 ng/l) found in the water 
of Lake Mariut was markedly higher than that in the Hydrodrome water (13,610 ng/l), 
reflecting the effect of pollution with DDT compounds on Lake Mariut resulting from huge 
discharges of agricultural drainage waters. o-HCH, lindane, o,p'-DDE, p,p'-DDE, o,p'-DDT 
and p,p'-DDT were found in Lake Mariut water with mean values of 120, 1,310, 1,380, 
6,630, 2,690 and 9,820 ng/1 respectively (Table II). The concentrations of pesticides in 
fish samples were higher than those in the lake water; mean values for o-HCH, lindane, 
o,p'-DDE, p,p'-DDE, o.p'-DDT and p,p'-DDT were 2.03, 80.06, 29.0, 10.1, 9.3 and 
31 .8 ng/g respectively. The mean value of total DDT was 84.5 ng/g (Table IV). Fish from 
the Hydrodrome were found to be less contaminated. The detected pesticides in Lake 
Mariut sediments were o-HCH, lindane, p,p'-DDE, o.p'-DDT and p,p'-DDT, with average 
values of 65.5, 327.0, 1 ,672.8, 82.8 and 270.5 ng/g dry weight, respectively (Table III). 
In the Hydrodrome sediments, only lindane and p.p ' DDE were found, with mean values 
of 423.5 and 456.0 ng/g, respectively. The pesticide levels in the lake sediments were 
much higher than those in the lake water and fish. 

T ayel (1981) investigated the seasonal distribution of chlorinated pesticide residues 
in the water and fish of Abu-Kir Bay (Mediterranean Sea). The mean concentration found 
in the water were 4.88, 18.05 and 24.26 ng/l for o-HCH, lindane and total DDT, 
respectively (Table II). These pesticides showed regional and seasonal variations in the 
bay, due to changes in meteorological conditions, discharges of freshwater from the 
Rosetta Branch of the Nile and of the brackish water from lake Edku, as well as due to 
industrial wastes from El-Tapia pumping station. These discharges are significant pollution 
sources for the bay. Residues of these compounds in the sediments of the bay gave 
values several times higher than the corresponding concentrations in the bay water: 0.09, 
0.05 and 1 .73 ng/g for o-HCH, lindane and total DDT, respectively (Table III). Analysis of 
six fish species in the bay showed the presence of o-HCH, lindane and total DDT in much 
higher concentrations compared to those in the bay water. Concentrations differed 
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between various fish species and even within specimen of the same species, 
concentrations also varied seasonally and with body size and weight. 

Ernst el el. (1983) monitored the levels of organochlorine compounds in various 
aquatic organisms from the Egyptian coastal area in the vicinity of Alexandria. DDT and 
its major degradation products, DDE and DDD, or-HCH, y-HCH, dieldrin and PCBs were 
the major compounds detected. The results indicated that primarily the western coast of 
Alexandria seemed to be polluted with organochlorine compounds. With increasing 
distance from Alexandria towards Rosetta, the level of PCBs tended to decrease. 

Macklad et ah (1984a) also monitored the levels and distribution of chlorinated 
hydrocarbons in some fish species from Lake Edku and Abu-Kir Bay. The data indicated 
that DDT and its metabolites (DDE and DDD), hexachlorocyclohexane (a- and y- isomers), 
endrin and PCBs (as Aroclor 1 260) were the major chlorinated hydrocarbons detected in 
fish from Lake Edku and in the region of lake-sea connection. DDE was the major DDT 
degradation compound detected. DDD was detected only in Mugil) its level in the lake-sea 
connection was higher than inside the lake, reflecting the effect of industrial pollution. 
Also, the levels of chlorinated pesticides in THapia species from the lake-sea connection 
were higher than those from this lake, again reflecting the effect of industrial pollution. 
PCBs such as Aroclor 1 260 was detected for the first time in two fish samples from Lake 
Edku. Its level was positively correlated with the fat content of the fish. However, PCBs 
were detected more frequently in Abu-Kir fish samples than in those from Lake Edku. This 
indicated that the PCB pollution originated essentially from industrial wastes in Abu-Kir 
Bay. 


Macklad §1 aL (1984b) monitored the levels of chlorinated pesticides in two fish 
species from Lake Mariut and the Nozha Hydrodome. The data of these fish ( Mugil and 
THapia species) indicated that DDT and its metabolites (DDE and DDD), HCH and endrin 
were the major chlorinated pesticides detected. 

In the Hydrodrome fish, the level of y-HCH was higher than the other detectable 
isomers a and fi. DDE levels in Mugil species ranged from 3.13 to 822.0 and from 3.0 to 
1,320.0 ng/g wet weight in fish muscles and liver, respectively. DDT is still detected in 
aquatic organisms although it was banned several years ago. Endrin was detected in all 
fish samples from the Hydrodrome. The bioconcentration factor for chlorinated pesticides 
in liver samples was higher than in muscles. 

Also in fish from Lake Mariut DDE was the major degradation product of DDT. as 
in case of the Hydrodrome. DDD was detected in five samples. Generally, the levels of 
chlorinated pesticides in Lake Mariut fish were lower than in those from the Hydrodrome. 
Bioconcentration factors of these compounds in different organs of THapia galilaea 
increased from muscle over gonads to liver. 


6.2 East Africa 

The catchment areas of the East African lakes and the Indian Ocean are sites of 
intensive agriculture, urbanisation and industrialisation. 
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Most of the studies in this sub-region have been carried out in Kenya as part of the 
monitoring activities for the assessment of the ecological and human health impacts of 
pesticides application in agriculture and disease vector control activities. Only few cases 
of water and sediment analyses were reported. Most of the studies centre on analysis of 
biota and wild life samples. 


Sudan 

The only available studies outside Egypt concerning the accumulation of 
organochlorine insecticides in fish from the Gezira of Sudan (central Sudan) and Lake Nubia 
(southern 180 km stretch of High Dam Reservoir) are those of El-Zorgani (1976) and 
Elzorgani et a]., (1979), respectively. 

In the Gezira Research Farm, 28 specimens representing 5 types of fish have been 
analyzed for residues of organochlorine insecticides (Table IV). All fish samples contained 
residues of p,p'-DDE, p,p'-DDD, p,p'-DDT and total DDT with mean values of 670, 1,470 
and 2,950 ng/g fresh weight respectively (El-Zorgani, 1976). This high accumulation 
reflects the increasing use of organochlorine insecticides over the last 50 years in central 
Sudan, where the amounts largely exceeded 1000 tonnes/year of various organochlorine 
insecticides. 

Muscle and liver tissues of twenty-nine fish specimens belonging to seven different 
species were collected and analyzed by Elzorgani gi aL (1979) for DDT isomers and 
metabolites. Only 1 0 out of 58 samples analyzed were found to contain detectable levels 
of OCP residues. p.p'-DDE was found in all the ten samples (49 (3-1 53) ng/g fresh weight) 
while p,p'-DDT was found in only 3 muscle samples (8 (5-14) ng/g fresh weight). The 
range of total DDT in fish muscle was from 6-184 ng/g; the highest residue value of 
1 84 ng/g was found in a muscle sample of a specimen of Hydrocynus forskali (Table IV). 
This fish was proposed as a suitable indicator species for monitoring OCPs in the aquatic 
environment. The most likely source of chemical contamination of Lake Nubia is the cotton 
growing region along the Blue and White Niles in central Sudan. In this area, the annual 
pesticide usage amounts to about 2,500 tonnes of mostly organochlorine compounds, 
especially DDT, endosulfan and toxaphene. Furthermore, the intensive application of 
pesticide in the Gezira and along the White Nile in central Sudan were implicated as the 
source of chemical contamination of the lake which could adversely affect the fish 
population, thereby endangering plans for the development of a fisheries industry in the 
area. 


Tanzania 


The use of pesticides in agriculture is not widespread (Alabaster, 1981). Cotton, 
sugar cane and coffee are grown near the northern shore of Lake Tanganyika which are 
aerially sprayed with pesticides at a rate of about 45 t/year. In the marine environment, 
DDT, endrin, aldrin, toxaphene and other pesticides reach the Indian Ocean via rivers and 
from the major towns of Dar-Es-Salaam, Tanga, Lindi and Zanzibar (Bryceson et aL, 1 990). 

Paasivirta el aL (1988! described the results of chlorinated insecticide and PCB 
residues analysis of six sediments samples, two aquatic plant samples (leaves and roots 
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of Pistia stratiotes ) and one fish ( THapia ) from a small man-made lake, Nyumba ya Mungu 
Reservoir in Tanzania. PCB was not detected in any sample. Three insecticides. DDT and 
its metabolites DDE and DDD, lindane and dieldrin were detected and quantified. Mean 
concentrations found in sediments were for DDE and DDD 1 ng/g, for DDT 3 ng/g, for 
lindane 1 ng/g, for dieldrin 4 ng/g and for Tanzadrin, a photometabolite of dieldrin, 131 
ng/g (Table III). The fish sample contained (per gramme dry weight) 14 ng DDE, 4 ng 
DDD, 6 ng DDT, 3 ng lindane, 10 ng dieldrin and 1 1 ng Tanzadrin (Table IV). Mean values 
in aquatic plants per gramme dry weight were 15 ng DDE, 18 ng DDT, 4.5 ng lindane, 
27 ng dieldrin and 25 ng Tanzadrin (Table VI). 


Burundi 

The principal use of pesticides in Burundi is on crops grown in the plains of the 
Ruzizi River (Autrique, 1977). The river drains into the northern, shallow part of Lake 
Tanganyika. Samples of fish have been examined in 1971 and 1972 for pesticides 
(Deelstra el aL. 1 976; Alabaster, 1981). The flour made from dried fish was analyzed and 
quantities of DDT and DDE combined was estimated at 700 ng/g in Limnothrissa. 750 ng/g 
in Stolothrissa, and 380 ng/g in young Luciolates. The total quantity of DDT and its 
metabolites varied in whole dried fish between 450 and 2,390 ng/g. Seasonal variation 
was apparent, showing a maximum during the dry season after the cotton harvest. Apart 
from this, the quantities decrease with distance from the opening of the Ruzizi plain at the 
inflow to the lake. 


Uganda 

In Uganda, pesticides have been used to protect cash and food crops and thus 
increase their yield (Bugenyi, 1984). The application of pesticides has been mismanaged 
by the locals with the consequent threat to the aquatic environment due to lack of advice 
on the safe use and disposal of pesticides. The quantity and concentration of pesticides 
used is unknown (Bugenyi and Balirwa, 1989). They are mainly applied as aerosols, 
smokes, sprays, paints, tree injections and granules. On the Victoria Nile, weekly 
treatments of 0.4 mg/I DDT was used to control blackfly larvae, Simulium damnosum 
(Corbet, 1958); in the Mount Elgon region in Uganda, however, DDT also killed predators 
of Simulium (Hynes and Williams, 1962). Sserunjoji (1974, 1976) determined dieldrin in 
Ugandan lakes (Nakivari, Mburo, Kazuma, Kachera, Kyesama, Mishera, Karunga, Itara and 
Kijanebarora). In fish fillet dieldrin was found at levels between 2 and 27 ng/g fresh 
weight with a mean of 5, while in sediments (semi-dried on blotting paper) the range was 
2 to 39 ng/g with a mean of 10 and in plants (water cabbages and water lilies) the range 
was 1 to 180 ng/g fresh weight with a mean of 21 ng/g Tables III, IV and VI). 


Malawi 

Pesticides are mainly used on cotton grown along the shore of Lake Malawi and on 
tobacco, maize and tea grown in the Shire Valley (Alabaster, 1981). Between 1973 and 
1978 fish from the Shire Valley were sampled and analyzed for DDT (Pickering ej sL, 
1 980). Concentrations of DDT and its metabolites in fish muscle were below 50 ng/g but 
were relatively high in the ovaries of Clarias gariepinus (2,700 ng/g). 
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Kenya 

The use of pesticides in Kenya dates back to 1946 when DDT was used in aerial 
spraying for control of mosquitoes in the Lake Victoria region. 

Approximately 5,000 tonnes of pesticides/year are used on coffee, maize, cotton, 
wheat, tea, sugar cane, horticultural crops and for insect control (Mbote, 1 979). Details 
of specific pesticides can be found in Calamari gl gL (1994). Pesticides and their 
metabolites have been found in water and aquatic organisms including fish (Koeman and 
Pennings, 1970; Koeman el aL, 1972; Kallqvist and Meadows, 1977; Greichus el aL. 
1978b; Lincer gl gL, 1981; Mitema and Gitau, 1 990; Mugachia el aL, 1 992b). There is 
concern that concentrations are approaching levels that may have adverse effects 
(Alabaster, 1981). 

Studies on pesticides in Kenya’s aquatic environment focused on the Rift Valley 
lakes, Lake Victoria and its catchment area, Athi and Tana rivers and the Indian Ocean. 
Van Someren (1950) reported massive fish kills in Lake Victoria following aerial spraying 
of DDT to control mosquitoes. Koeman gi gL (1 972) reported pesticides used in tsetse fly 
control treatments around Lake Victoria, where THapia. Alestes, and Clarias muscles had 
levels of 14 to 60 ng/g of dieldrin, and 10 to 25 ng/g of DDE (Table IV). Fish eating birds 
(kingfishers and cormorants) were contaminated via the food chain and contained 10 ng/g 
of dieldrin and 60 to 260 ng/g of DDE. Greichus gl g]. (1978b) detected DDE, ODD, 
dieldrin, DDT and PCBs in water, sediments and fish from Lake Nakuru. Very low levels 
of organochlorine pesticides were found in THapia grahami. 

Munga (1 985) also studied DDT and endosulfan residues in fish from Hola irrigation 
scheme in the lower Tana River basin where the pesticides were used for the control of 
cotton and maize pests. The concentration of residues varied according to the distance 
of the sampling site from the cotton fields, with fish closest to the site being the most 
contaminated. Fish samples from the Tana river itself were found to be least contaminated 
with pesticide residues. Of the four fish species studied, Clarias mossambicus I = C. 
gariepinus), a bottom feeding species, had the highest mean concentration of residues in 
muscle tissue, 400 ng/g fresh weight of total DDT and 110 ng/g fresh weight of 
endosulfan (Table IV). Strong correlation of pesticide residues in muscle tissue with fat 
content was found. 

Lincer §igL (1991) found that the main use of pesticide use in the Rift Valley region 
was in urban centres for mosquito, weed and rodent control, dog washes, stored grain 
protection and household pest control. DDE residues were detected in in fish from Lakes 
Naivasha. Nakuru and Barmgo at levels from 7 to 143 ng/g dry weight (Table IV); one 
predatory fish from Lake Baringo showed the highest level of DDE with 2,130 ng/g dry 
weight. Kanja (1988) estimated total DDT levels ranging from 31 to 367 ng/g in fish from 
Lake Victoria; HCH, lindane and dieldrin were also detected with levels ranging from 1.3 
to 123 ng/g. Mitema and Gitau (1990) found in nile perch ( Lates niloticusl from Lake 
Victoria total DDT levels ranging up to 4,510 and 460 ng/g in fat and fillet respectively. 
Residues of lindane, aldrin, dieldrin and cr-HCH were also detected (Table IV). 

Mugachia et aL (1992a, 1992b) detected DDE, DDD, DDT, HCH, heptachlor and 
lindane in fish from Lake Naivasha, Rivers Athi and Tana and from the Indian Ocean, and 
found residue levels higher than those reported in other Kenyan studies. The mean total 
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DDT level found in sharks was 702 ng/g (highest value: 3.41 5 ng/g); residue levels of the 
HCH group ranged from 4 to 290 ng/g. DDT in freshwater fish ranged from 52 to 
1 1 ,1 25 ng/g. The highest DDE level measured was 220 ng/g. Lindane levels ranged from 
3 to 295 ng/g, or-HCH from 9 to 21 ng/g (Table IV). 

Greichus el aL (1978b) detected PCBs in Lake Nakuru, the most widely studied 
surface water in the country. They reported concentrations in water of < 1 ng/ml, in 
sediments of <20 ng/g dry weight and in fish of <500 ng/g dry weight (Tables ll-IV). 

A preliminary risk assessment for pesticides used in the Lake Victoria catchment 
area was done by Calamari et aL (1 994). They concluded that most pesticides used in the 
area may not create toxicity problems and do not bioaccumulate in the lake biota; only a 
few of them like aldrin have a potential for bioaccumulation. DDT found in fish tissues 
was low in concentration and is not of recent origin. 


6.3 West and Central Africa 

Many chlorinated insecticides have been used in this sub-region for over three 
decades in agriculture, vector control and public health; data on quantities are not readily 
available. Chlorinated hydrocarbons have been detected and quantified in different 
compartments, i.e. water, sediments, plants and fish, only in Nigeria and C6te d'Ivoire; in 
other countries of the sub-region studies of CLHCs have concentrated mainly on fish and 
shellfish from coastal waters. 


Nigeria 

Nigeria is the most populous country in Africa, with fairly active agricultural and 
vector disease control activities involving the use of chlorinated pesticides. It is the most 
industrialised country in the sub-region with about 70% of the manufacturing industries 
including electric power generating stations, petroleum refineries, pulp and paper mills, 
located in the coastal zone. 

Agunloye (1984) and Tongo (1 985) studied the occurrence and levels of chlorinated 
hydrocarbons in water of 1 7 rivers, 2 lakes and one dam in southern Nigeria. The overall 
range of values (ng/l) of the major CLHCs found were: lindane ND-167, aldrin ND-190, 
endosulfan ND-750, HCB ND-9.2, heptachlor ND-96 and PCBs ND-8991 respectively. 
DDT and metabolites have not been detected. Table II indicates the levels of these 
substances in some specific rivers. For example, concentrations (ng/l) in River Ogun which 
traverses three states and discharges into Lagos Lagoon were: lindane 1.4-41.9 (13.3), 
aldrin 5.1-49 (40), endosulfan ND-260 (116), heptachlor ND-0.8 (0.25) and PCBs 
ND-224 (87) respectively. 

Ogunlowo (1991) studied the occurrence and levels of CLHCs in 9 rivers in Ondo 
State, a major cocoa growing area of Nigeria. He detected (in ng/l): lindane ND-6.4 (2.4), 
heptachlor ND-5.0 (2.1), endrin ND-21 (5.1), aldrin ND-3.5 (1.0) and dieldrin 

ND-2,150 (1,062). PCBs. DDT and metabolites were not detected (Table II). 
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Nwankwoala and Osibanjo (1992) reported the detection of 10 CLHCs residues 
including PCBs in surface waters in Ibadan, the largest city in the sub-region. The 
concentration ranges in ng/1 of some of the compounds quantified are a- and /?-HCH 1 -302, 
lindane 7-297, aldrin ND-40, dieldrin 17.8-657, endrin ND-1 9, heptachlor 4-202, 
endosulfan ND-430, HCB ND-92 and total DDT ND-1,266; PCBs were detected but not 
quantified (Table II). These results show higher loads of CLHCs in the water bodies 
compared to concentrations elsewhere. This study confirms that organochlorine pesticide 
residues are widely distributed in the surface waters studied, even at sites remote from 
point sources. 

Okonna (1985) showed the presence of pesticide residues in Lagos Lagoon water, 
concentrations in ng/l were: lindane 85.3; aldrin 19.3; DDE 1 2; HCB 1 .9; endrin 12.5 and 
dieldrin 28.0. 

Sunday M. (1990) analyzed 20 sediments samples from streams and rivers in 
Ibadan city, Oyo State. The concentration range (mean) in ng/g dry weight were: dieldrin 
ND-6 (1.4), o-HCH ND-1.6 (0.2), y-HCH ND-2 (0.3). aldrin ND-0.04 (0.002), DDE 
ND-50 (6.8) and PCB ND-14 (1 .8); heptachlor, endosulfan and endrin were not detected 
(Table III). 

Ojo (1991) investigated the occurrence and levels of CLHCs in 23 bottom sediment 
samples from Lekki Lagoon in Lagos State. Eleven organochlorine pesticides and HCB 
were detected. PCBs were not detected (Table III). The ranges of concentration with 
means parenthesis, reported in ng/g dry weight were: lindane 0.11-4.9 (1.1), aldrin 
ND-347 (56), p.p'-DDE 11-555 (263), o,p'-DDD ND-348 (88), endosulfan 7-1,155 (30), 
heptachlor ND- 1 845 (64), 0-HCH, ND-260 (66), o-HCH ND-1 1 6 (1 8.6), HCB ND-3.3 (0.4), 
endrin ND-1 29 (1 6.5), dieldrin 1 90-8,460 (4,560). Compared to other parts of the world, 
the sediments of Lekki Lagoon are to be considered fairly contaminated with 
organochlorine pesticides. 

Fish samples from fresh water were found to contain significantly higher 
concentration of these chemicals than sediments and water. Amakwe (1984) detected 
1 0 organochlorine pesticides, HCB and PCBs in 40 freshwater fish samples collected from 
various locations in Oyo and Ogun State. The relative occurrence of some of the CLHCs 
identified were lindane 100%, PCB and endosulfan 97%, DDT and metabolites 75%. The 
concentration ranges with mean in parenthesis in ng/g fresh weight were (Table IV): 
lindane 7-106.0 (25.61, p.p'-DDE 2.0-30.0 (3.4), p,p'-DDD 2.0-60.0 (7.8). p,p'-DDT 

3.0- 18 (2.9), total DDT 3.3-161 (20.6), PCB (Aroclor A1 250) 8.0-130 (28.7), heptachlor 

1 .0- 300 (50.0), endosulfan 3-904 (173), HCB 9.0-1 30.0 (1 2.7) and o-HCH 0.2-5.0 (1.3). 
Fayomi (1987) also detected and quantified 9 OCPs in south-eastern Nigeria. The relative 
occurrence of some of these compounds were PCBs, aldrin, lindane, and o-HCH 100%, 
endosulfan, d-HCH, p,p’-DDD, p.p'-DDE and heptachlor 44.4%, 16.7%, 33.3%, 61.1% 
and 72.2% respectively. The concentration ranges with means in parenthesis in ng/g fresh 
weight were: o-HCH 0.2-7. 4 (1.8), lindane 0.6-13 (4.4). heptachlor ND-1 .0 (0.3). aldrin 
ND- 1 4.9 (5.5), endosulfan ND-89.6 (14), p.p'-DDE ND-4.2 (1.8), ODD ND-8 (0.7), and 
PCBs 0.7-14 (3.8). 

Osibanjo and Bamgbose (1990) have reported contamination by CLHCs of Nigerian 
marine fish and shellfish, based on the analyses of 94 samples of 25 marine fish species 
over 1983 - 1985 and 14 samples of 7 shellfish species in 1987. The concentration 
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ranges in ng/g fresh weight were found to be for HCB 0.04-9.48, lindane ND-5.30, 
endosulfan ND-4.95, DDT 0.15-18.6, aldrin ND-54.60 and for PCB 11.0-225 (Table IV). 
Fish contained higher concentrations of aldrin, heptachlor, HCB and lindane than shellfish, 
while the reverse was observed for DDT and PCBs. The concentrations of residues 
obtained were found to be lower than those reported in literature for industrialised 
countries. Furthermore, predator fish species were found to concentrate more residues 
in muscle tissue than plankton feeders. The DDT/PCB ratios were less than 1 , indicating 
a predominance of industrial activities over agricultural activities as the source of 
contamination of the marine environment. The fish Galeoides decadactylus was proposed 
as a potential bio-indicator organism for chlorinated hydrocarbon pollution monitoring in 
the study area. 

Thus, various compartments of the aquatic environment in Nigeria are greatly 
contaminated by several OCPs, PCBs and HCB. 


C6te d'Ivoire 

Marchand and Martin (1 985) assessed the contamination of Ebri6 Lagoon sediments 
with DDT and metabolites, lindane and PCB. The concentration ranges in ng/g dry weight 
were: lindane 0.5-19, DDE 0.2-149, DDD 0.2-803, DDT 0.2-354, PCB 2-213 (Table III). 
Two hot spots were highlighted: Bietry Bay and Marcory Bay which are highly polluted. 

The analysis of surface sediments of bays from the urban area of Abidjan Lagoon 
(Kaba, in press) showed that these bays are polluted. Concentration ranges were (ng/g): 
a-HCH 0.01 -1 3.4, lindane 0.07-1 9.81 , 13-HCH 0.32-1 57.32, <5-HCH 0.01-5.05, heptachlor 
ND-6.80, aldrin 0.07-62. 1 , dieldrin ND-1 25.75, endrin ND-1 5.06, total DDT 2.50-242.83. 
PCB 8.49-1,013.92 (Table III). 

Fish caught by poisoning with lindane and fish contaminated with lindane (lethal 
dose 0. 1 mg/I) in the laboratory were also analyzed. Concentrations of HCH found did not 
exceed international consumption standards for fish and fish products. Concentrations in 
the gills were higher than those in the guts, muscle tissue had the lowest concentrations. 

Marine fish in C6te d'Ivoire have very low concentrations of organochlorine 
substances (Kaba, 1992). The ranges for the species analyzed ( Pagel/us bellotii, 
Epinephelus aeneus, Cynoglossus canariensis, Pseudotolithus senegalensis, Sphyraena 
sphyraena and Panaeus notialis ) were: lindane < 0.1-2. 4, heptachlor ND-2.7, aldrin 
0.1-3. 9, dieldrin ND-2.1, endrin ND-< 0.1, total DDT 0.4-12.9 ng/g dry weight. 


Cameroon 

Available data on organochlorine compounds from Cameroon concern fishery 
products from the coastal waters between Cape Limbo (around Limbe) and the River Wouri 
estuary and creeks in Douala (Mbi and Mbome, 1991, Mbome and Mbi. 1991; see 
Table V). The results obtained (ranges and means in ng/g fresh weight) are fish - lindane 
ND-7.31 (1.60), aldrin ND-1 3.3 (2.4), DDTsND-393 (89.5), PCBs ND-983 (196); shrimo - 
lindane 0.28-1.76 (0.98), aldrin ND, DDTs 76-540 (244). PCBs ND-705 (342): oyster - 
lindane ND-5.3 (1 .44), aldrin ND-12.0 (1.71), DDTs ND-181 (113), PCBs ND-716 (2091. 
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The area studied is characterised by the presence of banana, rubber and palm plantations 
along the coastline, of a petroleum refinery around Limbe and intense industrial activities 
around the -port of Douala. The Douala area is linked by creeks to Edea (southeast), a 
town with an aluminium processing complex, a hydroelectric plant and a paper pulp factory 
(closed down 2 to 4 years ago). Samples from Douala account for most of the high values 
of organochlorine compounds, especially DDT and PCBs. 


Benin. Sierra Leone and Gambia 

In Benin, Socloand Kaba (1992) reported the following mean concentrations in ng/g 
fresh weight for fish: HCB <0.016, lindane 0.10, heptachlor 0.02, aldrin <0.006, 
p,p'-DDT 1.86 (Table V). 

Portmann et ah 11 989) in their assessment of the state of the marine environment 
of West and Central Africa reported mean total DDT and lindane levels of 46 and 
12.4 ng/g fresh weight respectively for fish from the coast of Sierra Leone. 

From the Gambia, the mean concentrations of lindane in ng/g fresh weight (Jallow, 
1 988) were: fish 0.029, shrimp 3.07 and oyster 1 .74. Concentrations for heptachlor were 
0.15, 0.74 and 0.18 ng/g respectively (Table V). 

The low levels of CLHCs in marine organisms are probably due to the relatively low 
amounts of such substances used in these West African countries, compared to other 
developing countries. 


6.4 Southern Africa 

This Sub-region has a long history of chlorinated pesticides usage in agriculture, 
public health and disease control programmes. T wo countries in the region, Zimbabwe and 
South Africa have heavy concentrations of primary and tertiary industries which could 
severely stress the aquatic ecosystem. 


Zimbabwe 


Greichus ei aL. 1978a reported the detection and quantification of chlorinated 
hydrocarbons including PCBs in different environmental compartments of Lake Mcllwaine, 
Zimbabwe, with concentrations in fish being much higher than in sediments and water 
respectively. The concentrations found were for PCBs < 1 ,000 ng/l in water, 1 20 ng/g 
dry weight in sediments and 1 ,200-2,300 ng/g dry weight in fish, for total DDT < 100 ng/l 
in water, 57 ng/g dry weight in sediments and 180-450 ng/g dry weight in fish 
(Tables ll-IV). 

Matthiessen (1983) measured concentrations of DDT and metabolites in the 
environmental compartments of the principal rivers running into Lake Kariba. The values 
obtained were <20-300 ng/l in water, 40-740 ng/g wet weight in sediments, 170 ng/g 
fresh weight in fish muscle and 150-740 ng/g fresh weight in shellfish (Tables ll-IV). 
Residue levels were also measured in fish liver (440 ng/g wet weight) and fish ovaries 
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(360 ng/g fresh weight). According to the author, DDT contamination is due to the use 
of this pesticide for tsetse fly control. 

Mhlanga and Madziva (1990) reported the concentrations of HCH, aldrin, dieldrin 
and total DDT in different matrices of Lake Mcllwaine. The values obtained (range; mean) 
were in fish (ng/g fresh weight): o-HCH ND-240 (64.1 ), aldrin ND, dieldrin ND-24 (1 .33), 
total DDT (66.6), in water (ng/l); o-HCH 26-270 (100), aldrin <10-120(100), dieldrin IQ- 
530 (200), total DDT 30-700 (400) and in sediments (ng/g fresh weight); HCH 
2.0-42 (16), aldrin ND-1 2 (1 .0), dieidrin ND-1 6 (5.0), total DDT 32-146 (76). No data was 
given for PCBs (Tables ll-IV). 


Botswana 


Mathiessen eiaL, 1982 have investigated the accumulation of endosulfan (highly 
toxic to fish with 24-h LC 50 = 0.09-11.2 /yg/1 depending on species and temperature) 
residues in fish and their predators, after aerial spraying for the control of tsetse fly in the 
Okavango Delta, Botswana. The maximum total residue concentration found in the muscle 
of living fish was 190 ng/g wet weight while the maximum found in whole dead fish was 
1 ,500 ng/g. The residue levels in fish were approximately proportional to their fat content, 
with lean fish therefore being more susceptible to poisoning than fat fish. The lack of 
persistence of endosulfan in the Okavango aquatic ecosystem is demonstrated by the fact 
that residue levels in fish predators (fish-eating birds and crocodiles) were similar to their 
prey, the risk to them was consequently low. 


South Africa 

Concentrations and distributions of chlorinated hydrocarbon insecticides, PCBs and 
some metals were determined in bottom sediments, aquatic plants, aquatic insects, fish, 
fish-eating birds and their eggs from two South African lakes, Hartbeespoort Dam and 
Voelvlei Dam (Greichus ej gL, 1977). Mean values reported for the Hartbeespoort Dam 
ecosystem were in fish (ng/g dry weight): dieldrin 80, p.p '- DDE 77, p.p'-DDD 100, 
p.p'-DDT 67, total DDT 244, PCBs 920, in water (ng/l): dieldrin < 100, p.p ’- DDE 100, 
p.p'-DDD 100, p.p'-DDT 100, total DDT 300, PCBs 2,000 and in sediments (ng/g dry 
weight): dieldrin 2, p.p '-DDE 10, p.p'-DDD 18. p.p'-DDT 1 3, total DDT 45, PCBs 320. For 
the Vodlvlei Dam ecosystem, the mean values were in fish (ng/g dry weight): dieldrin 27, 
p.p'-DDE 160, p.p'-DDD 20, p.p'-DDT 190, total DDT 370, PCBs 600. in water (ng/l): 
dieldrin < 100, p.p'-DDE < 100, p.p'-DDD < 100, p.p'-DDT < 100, p.p'-DDT <200, PCBs 
< 1 ,000 and in sediment (ng/g dry weight): dieldrin < 1 .0, p.p'-DDE 5.0, p.p'-DDD 2.0, 
p.p'-DDT 6.0, total DDT 13.0. PCBs 70.0. 

Values for aquatic plants (water hyacinth and algae) are presented in Table VI. The 
insecticide residues most commonly found in both dams were DDE, ODD, DDT and 
dieldrin. Hartbeespoort had higher levels than Voelvlei of insecticides and PBCs in all types 
of samples common to both lakes, concentrations of PCBs having six or more chlorines 
increased with an increase in the trophic level. 
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7. LEVELS OF CLHCs IN DIFFERENT ENVIRONMENTAL COMPARTMENTS 

Tables II to VI provide data on CLHCs in different compartments in the aquatic 
environment. 

A panoramic view of the study sites pinpoint the fact that the investigation of the 
presence and quantitative estimation of CLHCs have centred on lakes, rivers and streams 
in agricultural pests control or disease vector control activity areas as well as in urban 
areas, some of which are industrialised. Since environmental impact assessment was non- 
existent prior to the application of these chemicals coupled with the significant 
contribution of atmospheric transport of these chemicals to distances far away from 
point(s) of application, most of the so-called baseline studies really represent post-impact 
assessment data. In other words, these studies provide apparent baseline data rather than 
the true baseline data expected from pristine environments. 


7.1 Concentration of CLHCs in Water 

There are gaps in data available on the levels of CLHCs in water (Table II). Most 
of the studies have been carried out to assess the ecological impact of specific groups of 
OCPs which have been used, in particular DDT and isomers, lindane, endosulfan, dieldrin, 
aldrin and heptachlor. Only in a few isolated cases industrial chemicals such as PCBs and 
HCBs have been determined. More data are available on inland than on coastal waters, 
especially from Nigeria and Southern Africa. 

Generally, African inland waters are contaminated by a broad spectrum of OCPs. 
However, HCH, aldrin, endosulfan, p,p'-DDE. p,p '- DDT and total DDT were not detectable 
in many Nigerian inland water samples despite fairly large scale use of these chemicals. 
Perhaps in the hot tropical climate, volatilisation of these chemicals and atmospheric 
transport are responsible for the trace concentration of these chemicals in water. The 
concentrations in water can also be correlated with water solubility and persistence in 
water of these chemicals. 

The OCPs with the lowest concentrations are generally heptachlor (ND- 1 1 ) and HCB 
if we leave out single high values. Lake Mariut in Egypt appears the most polluted water 
body, based on exceedingly high values for y-HCH (lindane) of 1 .310 ng/l, forp,p'-DDE of 
6,630 ng/l and for total DDT of 21,440 ng/l (Saad, 1981). Lake Nakuru in Kenya, Lake 
Mcllwaine in Zimbabwe and the South African reservoirs are contaminated by PCBs 
indicating pollution from industries as source of contamination. According to data from 
Nigeria (Tongo, 1985) and Egypt (Tayel, 1981) coastal waters are just as contaminated 
as freshwaters except for the Egyptian lakes which have very high values. 


7.2 Concentration of CLHCs in Sediments 

From the available data (Table III) relatively more information on a wide range of 
CLHCs has been reported for West Africa, in particular on aldrin, lindane, dieldrin, DDT and 
metabolites and PCBs. The table also shows that most freshwater sediments in Africa are 
contaminated with CLHCs. Except for high levels of DDT and metabolites (1 .73-877 ng/g 
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dry weight), however, it can be inferred that in sediments of African inland waters 
contamination levels are low and therefore pose no ecological threat. 

Coastal sediments exemplified by Abu Kir-Bay, Egypt are cleaner than inland water 
sediments. Lekki Lagoon, Nigeria, a semi-enclosed water body with several rivers draining 
into it provides a hot spot with very high mean values of some compounds, e.g. dieldrin 
(4,560 ng/g) and p,p'-DDE (263 ng/g dry weight). Another hot spot appears to be the 
Ebrid Lagoon, Cdte d'Ivoire, which has a mean PCB value of 355.5 ng/g dry weight. 


7.3 Concentration of CLHC Residues in Fish 

Since CLHCs are lipophilic and can bioaccumulate in fish tissues. Table IV indicates 
that inland water fish are highly contaminated by DDT and metabolites and lindane which 
reflect the heavy usage of these chemicals. In particular fish from Kenyan rivers (Tana and 
Athi) and even more from the South African reservoirs are heavily contaminated with 
levels of 370 ng/g for DDT (Voelvlei Dam) and 920 ng/g fresh weight for PCBs 
(Hartbeespoort Dam). Data for CLHCs levels in marine fish (Table V) are available only for 
West and Central Africa. In general, marine fish are less contaminated than freshwater 
species. Data for marine fish from Cameroon, however, show high values for DDTs and 
PCBs. 


An attempt was made to identify trends of occurrence of DDT and its derivatives 
in fish fillet by looking at the data in Table IV. There is no clear trend towards decreasing 
concentrations over the years; however, lower DDT concentrations are more frequently 
detected in recent samples. This may be due to reduction in use and more stringent 
controls. This is also supported by the fact that differences in concentrations of DDT and 
its metabolites were wider in earlier studies which indicated recent use while they were 
much closer in later studies indicating past use. Furthermore, marine fish species appeared 
less contaminated than freshwater species as already indicated. 


7.4 Concentration of CLHCs in Aquatic Plants 

Only scanty data are presently available for levels of these chemicals in aquatic 
plants, since most studies of biota concentrated on fish. 

Table VI reports quantifiable levels of p,p'-DDE for aquatic plants in Lake Naivasha, 
Kenya whereas trace to non-detectable levels were reported for Lake Nakuru, Kenya. 

The ubiquitous water hyacinth which is now a menace in many African inland 
waters was found to give detectable and quantifiable levels in Nigerian coastal waters for 
dieldrin of 43, for lindane of 48.6, for heptachlor of 52 and for PCBs of 2,700 ng/g dry 
weight. Lower values of CLHCs were recorded for that plant in Hartbeespoort Dam, South 
Africa. 
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8. REGIONAL COMPARISON OF CLHC LEVELS 

Based on the levels of dieldrin, lindane, endosulfan, total DDT and PCBs, water and 
sediments of the North African lakes in Egypt are more polluted, followed by West African 
rivers in Nigeria, the East and Southern African waters are the least polluted by these 
organic pollutants. 

However, the trend for fish contamination is reversed. Fish from East Africa is 
more contaminated followed by fish from North Africa while fish from West Africa is least 
contaminated. This disparity may be linked to a number of factors including relative fat 
content in fish, fish size and feeding habits, as well as to bio-geochemical and abiotic 
transformations in different aquatic ecosystems. 


9. COMPARISON OF CLHCs IN THE AFRICAN AQUATIC ENVIRONMENT WITH 

OTHER PARTS OF THE WORLD 

In the GEMS/WATER programme report (UNEP/WHO, 1988), the absence of data 
on CLHCs levels in African waters was highlighted. The lack of data on the levels of these 
substances in coastal and marine fish was also underscored at a pollution monitoring 
workshop (lOC-Unesco, 1985). Nonetheless, this review indicates the presence and 
detection of all the substances mandatory for monitoring in GEMS/WATER during 1979- 
1984 with the exception of mirex. 

Concentrations above 100 ng/l were found for y-HCH, DDE and total DDT in 
Egyptian lakes, Ibadan streams, Nigeria (DDT only) and PCBs in Hartbeespoort Dam, South 
Africa respectively, indicating pollution by these chemicals. These results are similar to 
level of DDT reported in Colombia by GEMS/WATER and the y-HCH values reported for 
some major rivers in the United Kingdom (Croll, 1969), Japan (Suzuki fij sL, 1974) and 
India (Ramesh g j aL, 19901. However, the majority of the African inland waters have 
y-HCH concentrations below 10 ng/l which is the recommended guideline for the 
protection of freshwater aquatic life in Canada (Merriman and Metcalf, 1988), similar to 
the results reported for Niagara River, Canada (Oliver and Nicol, 1984). 

Exceedingly high dieldrin levels of over 1000 ng/l were found in some Nigerian 
surface waters. The results are also similar to levels reported for dieldrin under the 
GEMS/WATER in Colombia and Malaysia respectively but exceed several fold the 4 ng/l 
guideline set for Canadian freshwater aquatic life. 

The PCBs values of < 1 ,000 ng/l obtained for dams in South Africa, lakes in Kenya, 
Zimbabwe and South Africa as well as Awba Dam in Nigeria are comparable to the high 
values reported for United Kingdom, Thailand, China and Japan in the 1979-84 
GEMS/WATER programme. 

Apart from a few hot spots due to localised pollution problems, African inland water 
sediments are relatively unpolluted by CLHCs and the values obtained are in most cases 
lower than concentrations reported for developed countries (Eisenreich fil aL, 1979, Oliver 
and Charlton, 1984). 
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Levels of CLHCs in fish from African waters are relatively low compared to values 
from other parts of the world and are similar to results obtained by GEMS/FOOD for 1 984- 
1 985 (UNEP/FAO/WHO, 1 988), except in a few cases around pollution hot spots. Levels 
found are much lower than the permissible limits for CLHCs in fish for human consumption 
(Nauen, 1983; FAQ. 1989). 


10. REGULATORY CONTROL MEASURES 

The occurrence of CLHCs in different compartments of the aquatic environment 
even at trace and ultra-trace levels should give cause for concern. Long-term exposure to 
sub-lethal concentrations of these substances through various pathways in the aquatic 
environment may cause far reaching ecological damage and health problems to man. 

Institutional framework and regulatory mechanisms for the importation, 
transportation, storage, sale and application of these chemicals should be put in place in 
all countries. Reference is made to the International Code of Conduct on the Distribution 
and Use of Pesticides, adopted by the FAO Conference in 1985 and amended in 1989 
(FAO, 1990). The objectives of this Code are to set forth responsibilities and establish 
voluntary standards of conduct for all public and private entities engaged in or affecting 
the distribution and use of pesticides, particularly where there is no or an inadequate 
national law to regulate pesticides. 


11. CONCLUSIONS 

The environmental impact of several decades of use of chlorinated hydrocarbons 
in Africa for multifarious purposes has been manifest in the contamination of different 
aquatic compartments with these substances, especially DDT and its metabolites, lindane, 
dieldrin and PCBs. The pattern of pesticide residues found in environmental samples based 
on the available data bears direct relationship to pesticides used in the continent. 

This review has accomplished the difficult task of compiling data on CLHC levels 
in the aquatic environment of the region so far non-existent. The concentrations found in 
various aquatic environmental compartments, with few exceptions are lower than in other 
parts of the world, in particular in developed countries which have a longer history of high 
pesticide consumption and intense use. Generally, the coastal waters, sediments and biota 
are less contaminated than inland water environmental compartments, with the exception 
of a few hot spots. 

The data available is limited and, therefore, forms a good basis for further 
monitoring work, involving more countries in the region. Nonetheless, the data on fish 
fillet are homogeneous and comparable, having been generated through coastal and marine 
pollution monitoring programmes and research studies initiated in the region in the 1 980s 
under the aegis of the UNEP Regional Seas Programme. The data showed a tendency 
towards decreasing concentration of these substances over the years and a direct link with 
reduction in use and with more stringent controls on these classes of compounds by 
national governments. 
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Nevertheless, the occurrence of these synthetic micropollutants in different 
compartments of the aquatic environment, even at trace and ultra-trace levels, is of 
ecological and environmental health concern. The regulatory framework and control on 
the use of these chemicals should be put in place in the countries of the region as well as 
enforcing the International Code of Conduct on their proper use. 
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Table II 

Concentration of chlorinated hydrocarbons in African inland and coastal waters (ng/l) 


substances 
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Table II (cont.) 

Concentration of chlorinated hydrocarbons in African inland and coastal waters (ng/l) 


Chlorinated hydrocarbon substances 
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Table III 

Concentration of chlorinated hydrocarbons in African inland and coastal water sediments (ng/g dry weight) 


Chlorinated hydrocarbon substances 


1 

<r 

Off) M ^ 

S» S> 2 2 

-$ *\ £ s * I s £ £ - 

a a 2 v 1 |2*2 

II ii ;| » g s s i i | Wi -it -d 

•Slsat'i 2 2 2 - ‘ I <1 el el 5 

i 2 i! li I * * t = i * Mil 

ilil 5s S 111a|l | £ £ £ 

< Vt < *0 O CL 1/9 C/9 1/9 1/9 O S it SOOO 

09 

« 

►- 

8 

- 

5» 

«» 

o o o ~ 

z 2 2 6 

i 


c 

'C 

3 

< 


lt> c 

Q S 
5 c 

2 ~ 

js ei £ 

« « h 

s i s§ | | 

• IN. p 

* u» 


2 

= 

i 

$ » 

00 IB 

ooo2 d 

Z z z Q Z 

“ <n 

• 6 


I 

7 

c 

z 

i 

« 9 v 2 « 

_ o m ui T T ” ; 1 7 

^ • n q ° ° 2 - E 

s 5 1 1 6 s S 

ID 0) “ «■» — 

o o r* *• P 

n 

in 

o 

o 

no 

i 

r> 

rt 

O 

z 

♦ 

6 


X 

u 

* 

s 3 j 

j O o "7 •- IM 

“! $060-** 
!5 = z z z o in 

£ i - • 2 5 

° o d « P *“ 

r» 


c 

5 

S 

- - 8 • 

_ s :s=s s s 

O « n V o' — *7 

«- ri 9 9 2 «> Q Q »r in y 

v ww t 2 «■ z z v 

« ~ d'' - ~ 

© © $ £ * 

« 

o 

d 

1 

S 

« 

t 

1 

5 

l 

c 5 * 

«> EE E»2 -1S??5S * « 

«i ss £ * 1 . * 4 | z *u U . « ,• 5 « 

hull, ill i j I , ill i ijjisl 1 

1 1 1 1 i I ! 1 ! i = : ! lsitl32|2|M!l|| j 

£ 1 
< “ 

* 5 * 

H 1 f 

1 ! | 
o z < 


86 


Copyrighted material 


rtg/g wet weight 




Table III (cont.) 

Concentration of chlorinated hydrocarbons in African inland and coastal water sediments <ng/g dry weight) 


Chlorinated hydrocarbon substances 
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Table IV 

Concentration of chlorinated hydrocarbon residue in fish from African inland waters (ng/g fresh weight) 


Chlorinated hydrocarbon substances 
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Table IV (cont.) 

Concentration of chlorinated hydrocarbon residue in fish from African inland waters (ng/g fresh weight) 


Chlorinated hydrocarbon substances 
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Onpnal data on dry weight basis, converted to tresh weight values by dividing by 3 




Table V 

Concentration of chlorinated hydrocarbon residue in fish from coastal and marine African waters (ng/g fresh weight) 
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’) Original data on dry weiyt bnvis, converted to fresh we«gt values by dividing by 3 



















Table VI 

Mean concentration of chlorinated hydrogen residue in aquatic plants (ng/g dry weight) 


Chlorinated hydrocarbon substances 
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This document summarizes the findings of the Committee for Inland 
Fisheries of Africa (CIFA) Working Party on Pollution and Fisheries. It gives 
advice on strategies for aquatic pollution control, including the 
establishment of environmental quality standarda, and emphasizes the use 
of risk assessment to arrive at site-specific environmental protection 
measures. The document reviews the extant of pollution of African inland 
waters and concludes that, except in some hot-spot areas, it is still relatively 
low. Pollution by organic matter, however, causing eutrophication and 
anoxia, la Identified as a major threat to fisheries. Although contamination 
with heavy metals and orga nochlorine substancea ia still low, expected 
Increases in urbanization and aocio-economic activities make it imperative to 
Identify the sourcea of such material and to quantify the discharges into the 
aquatic environment The occurrence of aynthetic micropollutants such as 
organochlorine substances in different compartments of the aquatic 
environment even at trace and ultratrace levels, is of ecological and 
environmental health concern. Pollution control strategies should be 
formulated in all countries to Include legislation, environmental standarda 
and criteria, waste minimization, effluent treatment pollution monitoring, 
training, education and public awarenesa campaigns. 



